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NEW  EXPERIMENTS  IN  ELECTRICITY. 

0 , , ; 

/ H E laws  of  Electricity,  together  with 

,1  the  experiments  neceflary  for  their 
demonftration,  having  already  been  defcrib- 
ed,  in  as  compendious  a manner  as  could  be 
done  without  obfcurity,  I fhall,  in  the  lafl 
Part  of  this  Work,  relate  fuch  new  experi- 
ments and  obfervations  as  1 have  made  at 
different  times,  principally  with  a view  to 
difcover,  if  poffible,  the  unknown  caufe  of 
feveral  eleftrical  phenomena,  efpecially  thofe 
relative  to  atmofpherical  Electricity* 

Yol.  II. 
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The  firft  inftrument  that  I made  ufe  of  to 
obferve  the  Electricity  of  the  atmofphere, 
was  an  eleCtricai  kite,  which  I had  conftriic- 
ted,  not  with  a view  to  obferve  the  Electri- 
city of  the  air ; for  this,  I thought,  was 
very  weak,  and  feldom  to  be  obferved ; but 
as  an  inftrument  which  could  be  occafion- 
ally  ufed  in  time  of  a thunder-ftorm,  in 
order  to  obferve  the  EleCtricity  of  the  clouds. 
The  kite,  however,  being  juft  finifhed,  to- 
gether with  its  ftring,  which  contained  a 
brafs  wire  through  its  whole  length,  Iraifed 
it  on  the  3 1 ft  of  Auguft  1775?  at  feven  of  the 
clock  in  the  afternoon,  the  weather  being  a 
little  cloudy,  and  the  wind  juft  fufficient  for 
the  purpofe.  The  extremity  of  the  ftring 
being  infulated;  I applied  my  fingers  to  it  ; 
which,  contrary  to  my  expectation,  drew 
very  vivid  and  pungent  fparks  : I charged  a 
coated  phial  at  the  ftring  feveral  times,  but 
I did  not  then  obferve  the  quality  of  the 
EleCtricity.  This  fuccefsful  experiment 
induced  me  to  raife  the  kite  very  often,  and 
to  keep  it  up  for  feveral  hours  together ; 
thinking  that  if  any  periodical  EleCtricity, 
or  any  change  of  its  quality,  took  place  in 
the  atmofphere,  it  might  very  probably  be 
7 difcovered 
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difcovered  by  this  inftrument.  In  the  fol- 
lowing two  Chapters  I fhall  defcribe  the 
conftrudtion  of  the  eleCtrical  kite,  with  its 
appurtenances;  and  fhall  tranfcribe  the 
moft  remarkable  part  of  my  journal  relative 
to  the  kite ; i.  e . defcribing  fuch  experi- 
ments only  as  are  moft  remarkable,  and  do 
not  happen  very  commonly  ; for  although 
I have  ufed  my  kite  fometirnes  ten,  and 
more  times  in  a week,  and  at  any  hour  of 
the  day  or  night,  yet  as  the  greateft  part  of 
thofe  experiments  are  only  of  ufe  to  con- 
firm a few  laws  of  atmofpherical  Electri- 
city, I fhall  omit  their  particular  detail, 
and  fhall  only  fubjoin  thofe  laws  at  the  end 
of  the  fecond  chapter. 

/ , 
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CHAP.  I. 

The  Conf  ruction  of  the  electrical  Kite,  and 
other  Injlruments  ufed  with  it. 

H E firft  electrical  kite  that  I con- 
A ftructed,  was  feven  feet  high ; and 
it  was  made  of  paper,  with  a flick  or  ftraiter, 
and  a cane-bow,  like  the  kites  commonly 
ufed  by  fchool-boys.  On  the  upper  part 
of  the  ftraiter  I fixed  an  iron  fpike,  pro- 
jecting about  a foot  above  the  kite,  which 
I then  thought  was  abfolutely  necefiary  to 
colled  the  Electricity ; and  I covered  the 
paper  of  the  kite  with  turpentine,  in  order 
to  defend  it  from  the  rain.  The  kite,  per- 
fect as  I thought  it  to  be  in  its  conftruction, 
and  fit  for  the  experiments  for  which  it  was 
intended,  foon  manifefted  its  imperfections, 
and  after  having  been  raifed  a few  times,  it 
became  quite  unfit  for  farther  ufe  ; it  being 
fo  large,  and  confequently  heavy,  that  it 
could  not  be  ufed,  except  when  the  wind 
was  ftrong;  and  then,  after  much  trouble 

in 
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in  railing  and  drawing  it  in,  it  often  receiv- 
ed fome  damage : which  foon  obliged  me 
to  conllrud  other  kites  upon  a different 
plan,  in  order  to  afcertain  which  method 
would  anfwer  the  bell  for  my  purpofe.  I 
gradually,  leffened  their  fize,  and  varied  their 
form,  till  I obferved,  upon  trial,  that  a com- 
mon fchool-boy’s  kite  was  as  good  an 
eledriai  kite  as  mine.  In  confequence  of 
which  I conilrucied  my  kites  in  the  moll 
fimple  manner,  and  in  nothing  different 
from  the  children’s  kites,  except  that  I co- 
vered them  with  varnilh,  or  with  well- 
boiled  linfeed-oil,  in  order  to  defend  them 
from  the  rain  ; and  I covered  the  back  part 
of  the  llraiter  with  tin-foil,  which,  how- 
ever, has  not  the  leaft  power  to  increafe  its 
Eledricity.  I alfo  furnilh  the  upper  extre- 
mity of  the  llraiter  with  a llender  wire 
pointed,  which,  in  time  of  a thunder- llorm, 
may  perhaps  draw  the  Eledricity  from  the 
clouds  fomewhat  more  effedually;  but  in 
general,  I find,  as  it  will  appear  in  the  ac- 
count of  the  experiments,  that  it  does  not  in 
the  leaft  affed  the  Eledricity  at  the  firing. 
The  kites  that  I have  generally  ufed  are 
about  four  feet  high,  and  little  above  two 
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feet  wide.  This  lize,  I find,  is  the  molt 
convenient,  becaufe  it  renders  them  eafy  to 
be  managed,  and,  at  the  fame  time,  they 
can  draw  a fufficient  quantity  of  firing.  As 
for  filk  or  linen  kites,  they  require  a good 
deal  of  wind  to  be  raifed;  and  then  they 
are  not  fo  cheap,  nor  fo  eafy  to  be  made, 
as  paper  kites  are.  The  firing  fometimes 
breaks,  and  the  kite  is  loft,  or  broken ; for 
which  reafon  thefe  kites  fhould  be  made  as 
cheap  and  as  fimple  as  poffible. 

The  firing  is  the  molt  material  part  of 
this  apparatus ; for  the  Electricity  produced 
is  more  or  lefs,  according  as  the  firing  is  a 
better  or  a worfe  Conductor.  The  firing 
which  I made  for  my  large  kite,  confifted 
of  two  threads  of  common  twine,  twifted 
together'  with  a brafs  wire  between  the 
flrands.  This  firing  ferved  very  well  for 
two  or  three  trials;  but,  on  examination,  I 
foon  found,  that  the  wire  in  it  was  broken 
in  many  places,  and  it  was  continually 
fnapping  ; the  metallic  continuation,  there- 
fore, being  fo  often  interrupted,  the  firing 
became  loon  fo  bad,  that  it  afted  nothing 
better  than  common  twine  without  a wire. 
l \ I at- 
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I attempted  to  mend  it,  by  joining  the 
broken  pieces  of  wire,  and  working  into  the 
twine  another  wire,  which  proved  a very 
laborious  work ; but  the  remedy  had  very 
little  effect,  the  wire  breaking  again  after 
the  firff  trial  ; which  determined  me  to 
adopt  other  methods:  and,  after  feveral  ex- 
periments, I found  that  the  beft  firing  was 
one,  which  I made  by  twilling  a copper 
thread  * with  two  very  thin  threads  of 
twine.  Strings  like  this  I have  ufed  for  the 
greatefl  part  of  my  experiments  with  the 
kite,  and  I find  them  to  be  exceedingly 
ufeful,  and  fit  for  the  purpofe.  Silver  or 
gold  thread  would  do  much  better  to  twill 
with  the  twine,  becaufe  they  are  much 
thinner  than  copper  thread,  and,  in  confe- 
quence,  the  firing  would  be  much  lighter ; 
but,  at  the  fame  time,  it  is  to  be  confidered, 
that  gold  or  filver  thread  is  much  dearer 
than  copper  thread. 

I have  attempted  to  render  the  twine  a 
good  Conductor  of  Eleftricity,  by  cover- 

* I mean  fueh  a thread  of  copper  as  is  ufed  for  trim- 
mings, &c.  in  imitation  of  gold  threads ; which  are 
nothing  more  than  filk,  or  linen  threads,  covered  with  a 
thin  lamina  of  copper. 
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ing  it  with  conducting  fubftances;  as 
lamp-black,  powder  of  charcoal,  very  fine 
emery,  and  other  fubftances,  mixing  them 
with  diluted  gum- water;  but  this  method 
improves  the  firing  very  little,  and  for  a 
very  fhort  time ; for  the  faid  conducting 
fubftances  are  foon  rubbed  oft  the  twine.  • 
Mr.  Nairn e informed  me,  that  he  had 
ufed  to  foak  the  firing  of  his  eleCtrical  kite 
in  a flrong  folution  of  fait,  which  rendered 
it  a good  Conductor,  fo  far  as  it  attracted 
the  rnoifture  of  the  air.  In  confequence  of 
this  information,  1 foaked  in  fait- water 
a long  piece  of  twine,  and,  by  railing  a 
kite  with  it,  I found  that  it  conducted  the 
EleClricity  pretty  well ; but  I thought  it 
much  inferior  to  the  above-defcribed  firing 
* with  the  copper  thread  : befides,  the  faked 
firing  in  wret  weather  not  only  leaves  part 
cf  the  fait  upon  the  hands  of  the  operator, 
and,  in  confequence,  renders  them  unfit  to 
manage  the  reft  of  the  apparatus,  but  it 
marks  a white  fpot  wherever  it  touches  the 
clothes. 

% i «• 

% 

# 

In  railing  the  kite  when  the  weather  is 
very  cloudy  and  rainy,  in  which  time 

there 
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there  is  fear  of  meeting  with  great  quan- 
tity of  Eledtricity,  I generally  ufe  to  hang 
upon  the  firing  AB,  fig.  9.  Plate  IV.  the 
hook  of  a chain  C,  the  other  extremity  of 
which  falls  upon  the  ground.  Sometimes 
I ufe  another  caution  befides,  which  is*  to 
fiand  upon  an  infulating  ftool ; in  which 
fituation  I think,  that  if  any  great  quan- 
tity of  Bledlricity,  fuddenly  difcharged  by 
the  clouds,  ftrikes  the  kite,  it  cannot  afFedt 
much  my  perfon.  As  to  infulated  reels, 
and  fuch-like  inftruments,  that  fome  gen- 
tlemen have  ufed  to  raife  the  kite,  without 
danger  of  receiving  any  fhock ; fit  for  the 
purpofe  as  they  may  appear  to  be  in  theory, 
they  are  yet  very  inconvenient  to  be  mana- 
ged.  Except  the  kite  be  raifed  in  time  of 
a thunder- ftorm,  there  is  no  great  danger 
for  the  operator  to  receive  any  fhock.  Al- 
though I have  raifed  my  eledtrical  kite  hun- 
dreds of  times  without  any  caution  what- 
ever, I have  very  feidom  received  a few 
exceedingly  flight  (hocks  in  my  arms.  In 
time  of  a thunder-ftorm,  if  the  kite  has  not 
been  raifed  before,  I would  not  advife  a 
perion  to  raife  it  while  the  ftormy  clouds 
are  jufi  overhead;  the  danger  in  fuch  time 

beinsr 
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being  very  great,  even  with  the  precautions 
above-mentioned  : at  that  time,  without 
railing  the  kite,  the  Electricity  or  the  clouds 
may  be  obferved  by  a cork-ball  electrometer 
held  in  the  hand  in  an  open  place ; or,  if  it 
rains,  by  my  electrometer  for  the  rain ; 

which  will  be  defcribed  hereafter. 

% v 

When  the  kite  has  been  raifed,  I gene- 
rally introduce  the  firing  through  a win- 
dow in  a room  of  the  houfe,  and  fatten  it 
to  a ftrong  filk  lace,  the  extremity  of 
which  is  generally  tied  to  a heavy  chair  in 
the  room.  In  fig.  8.  of  Plate  III.  AB  re- 
prefents  part  of  the  firing  of  the  kite 
which  comes  within  the  room ; C repre- 
fents  the  filk  lace;  DE,  a fmall  prime 
Conductor,  which,  by  means  of  a fmall 
wire,  is  connected  with  the  firing  of  the 
kite ; and  F reprefents  the  quadrant  elec- 
trometer, fixed  upon  a ftand  of  glafs  co- 
vered with  fealing-wax,  which  I ufed  to 
put  near  the  prime  Conductor,  rather  than 
to  fix  it  in  a hole  upon  the  Conductor,  be- 
caufe  the  firing  AB  fometimes  fhakes  fo 
as  to  pull  the  prime  Conductor  down;  in 
which  cafe  the  quadrant  electrometer  re- 
mains 
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xnalns  fafe  upon  the  table:  otherwife  it 
would  be  broken,  as  I have  often  expe- 
rienced before  I thought  of  this  method. 
G reprefents  a glafs  tube,  about  eighteen 
inches  long,  with  a knobbed  wire  ce- 
mented to  its  extremity ; with  which  infirm, 
ment  I ufe  to  obferve  the  quality  of  the 
Electricity,  when  the  EleClricity  of  the 
kite  is  fo  ftrong  that  I think  it  not  fafe  to 
come* very  near  the  firing.  The  method 
is  as  follows  : — I hold  the  inflrument  by 
that  extremity  of  the  glafs  tube  which  is 
the  farthefl  from  the  wire,  and  touch  the 
firing  of  the  kite  with  the  knob  of  its 
wire,  which,  being  infulated,  acquires  a fmall 
quantity  of  EleCtricity  from  it;  which  is 
Sufficient  to  afcertain  its  quality  when  the 
knob  of  the  inftrument  is  brought  near  an 
eleClrified  electrometer, 

< i ■ 4 41  I 

Sometimes,  when  I raife  the  kite  in  the 
night-time,  out  ofthehoufe,  and  where  I have 
not  the  convenience  of  obferving  the  quality 
of  its  Eledricity  by  the  at  trad  ion  and  repul- 
sion, or  even  by  the  appearance  of  the  eledric 
hgnt,  I make  life  of  a coated  phial,  which 
I can  charge  at  the  firing,  and,  when  charg- 
ed, 
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ed,  put  it  into  my  pocket ; wherein  it  will 
keep  charged  even  for  feveral  hours  By 
making  ufe  of  this  inftrument,  1 am  obliged 
to  keep  the  kite  up  no  longer  than  is  necef- 
fary  to  charge  the  phial,  in  order  to  obferve 
the  quality  of  the  Electricity  in  the  atmo- 
fphere;  for  after  the  kite  has  been  drawn  in 

* The  conftruclion  of  this  phial  is  as  follows : — 
Befides  the  coating  of  the  infide  and  outfide,  that  this 
phial  has,  like  any  other  of  the  fame  kind,  a glafs  tube, 
open  at  both  ends,  is  cemented  into  its  neck,  and  pro- 
ceeds within  the  phial,  having  a fmall  wire  fattened  to 
its  lower  extremity,  which  touches  the  infide  non-elec- 
tric coating.  The  wire  with  the  knob  of  this  phial  is 
cemented  into  another  glafs  tube,  which  is  nearly  twice 
as  Iona-)  and  fmaller  than  the  tube  cemented  into  the  neck 
of  the  phial.  The  wire  is  cemented  fo,  that  only  its 
knob  projects  out  of  one  end,  and  a fmall  length  of  it 
out  of  the  other  end  of  the  tube.  If  this  piece  wdth  the 
wire  be  held  by  the  middle  of  the  glafs  tube,  it  may  be 
put  in  or  out  of  the  tube  which  is  in  the  neck  of  the  phi- 
al, fo  as  to  touch  the  fmall  wire  at  the  lower  extremity 
of  it,  and  that  without  difcharging  the  phial,  if  it  is 
charged.  I have  kept  fuch  a phial  charged  for  fix  weeks 
together ; and  probably  it  would  keep  much  longer, 
if  it  were  to  be  tried.  The  ingenious  young  Electrician 
may  make  ufe  of  fuch  a phial  for  feveral  diverting  pur- 
pofes. — The  piece  of  glafs  which  ferves  to  hold  the  w?ire 
by,  is  rather  better  to  be  fixed  above  than  below  the 
ball.  In  this  cafe,  the  ball  is  perforated  quite  through, 
and  the  wire  projedfs  a fhort  way  above  it  5 to  which 
the  glafs  tube  is  cemented. 
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and  brought  home.  I can  then  examine  th  e 
Electricity  of  the  infide  of  the  phial,  which 

is  the  fame  as  that  of  the  kite. 

1 * 

When  the  EleCtricity  of  the  kite  is  very 
ftrong,  I fix  a chain,  communicating  with 
the  ground,  at  about  fix  inches  difiance 
from  the  firing;  which  may  carry  off  its 
EleCtricity,  in  cafe  that  this  fhould  increafe 
fo  much  as  to  put  the  by-ftanders  in  dan- 
cpr 

Befides  the  ahove-defcribed  apparatus,  I 
have  occafionally  ufed  feme  other  inftru- 
ments,  which  I have  often  varied,  accord- 
ing as  fome  particular  experiments  requir- 
ed ; but,  as  they  are  of  no  great  confe- 
quence,  I fhall  omit  to  deferibe  them.  It 
is  only  necefiary,  before  I enter  into  the 
narration  of  the  principal  experiments 
performed  with  the  kite,  to  give  an  idea  of 
the  ftandard  of  my  quadrant  electrometer ; 
which  may,  very  probably,  fhew  the  fame 
intenfity  of  Electricity  under  a number  of 
degrees  different  from  the  other  inftruments 
of  the  fame  kind.  When  the  kite  is  flying, 
and  the  apparatus  is  difpofed  as  in  fig.  8.  of 

Plate 
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Plate  III,  I bring,  under  the  extremity  E 
of  the  prime  Conductor,  a little  bran,  held 
upon  a tin  plate,  and  obferve,  that  when  the 
index  of  the  electrometer  is  at  ten  degrees, 
the  prime  Conductor  begins  to  attract  the 
bran  at  the  diftance  of  about  three-fifths  of 
an  inch  : when  the  index  is  at  twenty  de- 
grees, the  prime  Conductor  attracts  the 
bran  at  the  diftance  of  about  one  inch  and  a 
quarter;  when  the  index  is  at  thirty  de- 
grees, the  bran  begins  to  be  attracted  at  the 
diftance  of  two  inches  and  one-fifth.  Thefe 
diftances  vary,  as  the  weather  changes  its 
degree  of  drynefs  5 but  in  frofty  weather  I 
obferve  them  conftantly  as  above. 


CHAP. 
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¥ \ 

Experiments  performed  with  the  electrical 

Kite. 

SEptember  the  2d,  1775.  The  weather 
being  very  cloudy,  and  actually  rain- 
ing, the  kite  was  raifed  at  eight  o’clock 
P.  M.  with  two  hundred  yards  of  firing, 
which  had  a brafs  wire  through  its  whole 
leneth.  The  wind  was  from  the  fouth  and 
very  ftrong.  The  Electricity  at  the  firing 
was  negative,  and  juft  fufficient  to  charge  a 
half-pint  phial  fo  as  to  give  a fhock  fenfible 
to  the  elbows.  The  kite,  after  being  up 
for  about  one  hour,  fell  to  the  ground,  hav- 
ing its  paper,  which  was  not  properly  var- 
nished, almoft  entirely  torn  off*  by  the  vio- 
lence of  the  wind  and  rain. 

September  the  14th.  The  kite  was 
raifed  with  a ftrong  north  wind  at  half  paft 
three  P.  M.  The  Electricity  was  pofitive, 

and 
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and  pretty  ftrong,  the  index  of  the  electro- 
meter being  generally  about  20*  The 
weather  was  rather  cold,  and  very  thick 
clouds  were  gradually  approaching  the  ze- 
nith. The  kite  was  pulled  down  at  half 
paft  four  P.  M.  x 

N.  B.  At  night  the  aurora  borealis  was 

^ i 

very  ftrong,  and  feveral  flafhes  of  lightning 
were  feen  near  the  horizon  towards  the 
north. 

September  the  23d.  A fmall  kite  was 
raifed  at  half  paft  ten  o’clock  in  the  morn- 
ing, and  it  was  kept  up  for  eleven  hours 
fucceflively,  viz.  till  half  paft  nine  P.  M. 
The  firing,  which  was  only  a common 
twine,  without  a wire,  was  conftantly  elec- 
trified pofitively,  although  in  a very  fmall 
degree.  About  nine  o’clock  the  EleCtri- 

O 

city  appeared  ftronger,  fo  that  a fmall  phi- 
al, charged  at  the  firing,  gave  a pretty  fen- 
fible  fhock.  The  weather  was  very  clear, 

and  warm ; but  in  the  night  no  aurora  bo- 

/ / 

* The  index  of  the  eledlrometcr  in  general  rifes 
higher  or  falls  lower,  according  as  the  kite  comes  nearer 
to,  or  goes  farther  from  the  zenith  ; the  length  of  the 
firing  remaining  the  fame. 


realis. 
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realis,  or  any  other  ele&rical  appearance, 
was  perceived.  The  wind  was  eaft  by  fouth, 
and  fo  weak  that  the  kite  was  kept  up  with 
great  difficulty. 

# 

October  the  ioth,  1 775.  The  weather 
being  dear,  and  the  wind  blowing  ftrong 
from  the  fouth  weft,  the  kite  was  raifed  at 
eleven  o'clock  A.  M.  with  ninety  yards  of 
firing,  which  had  a copper  thread  twifted 
in  *.  The  wind,  during  the  experiment, 
increafed  and  decreafed  feveral  times ; and 
the  EleCtricity,  which  was  pofitive,  as  it 
appeared  by  the  index  of  the  electrometer, 
alfo  increafed  and  decreafed.  At  noon  the 
violence  of  the  wind  caufed  the  kite  to  fall. 

9 * 

At  half  paft  four  o'clock,  the  wind  being  a 
little  more  moderate,  the  kite  was  raifed 
again.  The  EleCtricity  was  alfo  pofitive, 
and  feemed  rather  ftronger  than  it  had  been 
in  the  morning.  The  weather  at  this  time 
was  cloudy ; the  clouds  appearing  much 
thicker  near  the  horizon  than  about  the 
zenith.  The  kite  was  pulled  down  at  half 


* Such  firing  as  this  was  ufed  in  all  the  following  ex- 
periments. 

Vol.  II.  C paft 
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pail  five  o'clock,  and  at  half  after  feven 
was  railed  again;  every  phenomenon  con- 
tinuing the  fame*  At  eight  o'clock,  while 
I was  pulling  the  kite  in>  I infulated  the 
firing  when  only  thirty-five  yards  of  it 
were  out,  and  was  furprifed  to  find,  that 
now  the  Eledlricity  was  as  flrong,  as  it  had 
been  when  all  the  firing  was  out,  which 
was  ninety  yards  long.  It  mufl  however 
be  remarked,  that  at  this  time  a few  flafhes 
of  lightning  were  feen  among  the  clouds, 
which  were  pretty  thick  about  the  horizon* 
At  a quarter  pafl  eleven  o'clock  the  kite 
was  railed  again,  which  was  the  fourth 
time  of  railing  it  that  day ; the  weather 
then  being  very  clear,  and  the  wind  the 
fame  as  in  the  afternoon.  The  Electricity 
was  very  weak,  but  conflantly  pofitive. 
The  kite  was  pulled  down,  after  having  been 
up  a few  minutes  only. 

October  the  1 6th.  At  about  two  P«  M. 
-ft  thick  fog  being  juft  cleared  up,  the  wea- 
ther became  clear,  and  the  wind  began  to 
blow  from  the  fouth-fouth-weft.  The  kite 
was  raifed  with  one  hundred  and  twenty 
yards  of  firing,,  and  it  was  kept  up  no 
4 longer 
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longer  than  a qurter  of  ah  hour.  The 
Electricity  was  politive,  and  pretty  ftrong ; 
the  index  of  the  electrometer  being  about 
1 f.  At  half  paft:  three  o’clock  the  kite 
was  raifed  again,  the  weather  being  very 
little  cloudy.  At  half  paft  four  o’clock 
the  clouds  became  very  thick,  and  in  a 
fhort  time  it  began  to  rain,  which  increafed 
the  EleCtricity  of  the  kite,  without  chang- 
ing its  quality  ; the  index  of  the  electro- 
meter arriving  to  20°.  The  kite  was  pulled 
do wn  at  five  o’clock. 

October  the  18th.  After  having  rained 
a great  deal  in  the  morning,  and  night  be- 
fore, the  weather  became  a little  clear  in 
the  afternoon;  the  clouds  appearing  fepa- 

rated,  and  pretty  wall  defined.  The  wind 

% 

was  weft,  and  rather  ftrong,  and  the  at- 
mofphere  in  a temperate  degree  of  heat. 
In  thefe  circumftances,  at  three  P.  M.  I 
raifed  my  eleCtrical  kite  with  three  hun- 
dred and  fixty  feet  of  firing.  After  that 
the  end  of  the  firing  had  been  infulated, 
and  a leather-  ball,  covered  with  tin-foil, 
had  been  hung  to  it,  I tried  the  power 
and  quality  of  the  Electricity,  which  ap- 
v . C 2 peared 
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pcared  to  be  pofitive,  and  pretty  ftrong.  la 
a fhort  time  a fmall  cloud  paffing  over,  the 
Electricity  increafed  a little;  but  the  cloud 
being  gone,  it  decreafed  again  to  its  former 
degree.  The  firing  of  the  kite  was  now 
fattened  by  the  filk  lace  to  a poll  in  the 
yard  of  the  houfe  wherein  I lived,  which 
was  lituated  near  Iflington,  and  I was  re- 
peatedly charging  two  coated  phials,  and 
giving  fhocks  with  them  : — while  I was  fo 
doing,  the  E left ri city,  which  was  ftill  pofi- 
tive,  began  to  decreafe,  and  in  two  or  three 
minutes  time  it  become  fo  weak,  that  it 
could  be  hardly  perceived  with  a very  fen- 
fible  cork-ball  eleftrometer.  Obferving  at 
the  fame  time  that  a large  and  black  cloud 
was  approaching  the  zenith  (which,  no 
doubt,  caufed  the  decreafe  of  the  Eleftri- 
city)  indicating  imminent  rain,  I introdu- 
ced the  end  of  the  firing  through  a window, 
in  a firft-fioor  room,  wherein  I fattened 
it  by  the  filk  lace  to  an  old  chair.  The 
quadrant  eleftrometer  was  fet  upon  the 
fame  window,  and  was,  by  means  of  a wire, 
connected  with  the  firing  of  the  kite.  Be- 
ing  now  three  quarters  of  an  hour  after 
three  o’clock,  the  Eleftricity  was  abfo- 

lutely 
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lutdy  unperceivable ; however,  in  about 
three  minutes  time,  it  became  again  per- 
ceiveable,  but  now  upon  trial  was  found  to 
be  negative ; it  is  therefore  plain,  that  its 
flopping  was  nothing  more  than  a change 
from  politive  to  negative,  which  was  evi- 
dently occafioned  by  the  approach  of  the 
cloud,  part  of  which  by  this  time  had 
reached  the  zenith  of  the  kite,  and  the  rain 
alfo  had  begun  to  fall  in  large  drops. — The 

cloud  came  farther  on ; — the  rain  increaf- 

/ 

ed,  and  the  Electricity  keeping  pace  with 
it,  the  electrometer  foon  arrived  to  1 50. 
Seeing  now,  that  the  Electricity  was  pretty 
flrong,  I began  again  to  charge  the  two 
coated  phials,  and  to  give  (hocks  with 
them ; but  the  phials  had  not  been  charged 
above  three  or  four  times,  before  I per- 
ceived that  the  index  of  the  electrometer 
was  arrived  at  35°,  and  was  keeping  dill 
increafing.  The  (hocks  now  being  very 
fmart,  I defifted  from  charging  the  phials 
any  longer ; and,  confidering  the  rapid  ad-r 
vance  of  the  Electricity,  thought  to  take  off 
the  infulation  of  the  fixing,  in  cafe  that  if 
it  (hould  increafe  farther,  it  might  be  filent- 
ly  conducted  to  the  earth,  without  caufing 

C 3 any 
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any  bad  accident,  by  being  accumulated  in 
the  infulated  firing.  To  effect  this,  as  I 
had  no  proper  apparatus  near  me,  I thought 
to  remove  the  filk  lace,  and  fallen  the 
firing  itfelf  to  the  chair ; accordingly  I dif- 
engaged  the  wire  that  connected  the  elec- 
trometer with  the  firing;  laid  hold  of  the 
firing;  untied  it  from  the  filk  lace,  and 
faflened  it  to  the  chair  ; but  while  I effected 
this,  which  took  up  lefs  than  half  a minute 
of  time,  I received  about  a dozen,  or  fifteen, 
very  ftrong  fhocks,  which  I felt  all  along 
my  arms,  in  my  breafl,  and  legs;  Ihaking 
me  in  fuch  a manner,  that  I had  hardly 
power  enough  to  effect  my  purpofe,  and  to 
warn  the  people  in  the  room  to  keep  their 
diflan  ce.  As  foon  as  I took  my  hands  off 
the  firing,  the  Electricity  (in  confequence 
of  the  chair  being  a bad  Conductor)  began 
to  fnap  between  the  firing  and  the  fhutter 
of  the  window,  which  was  the  neareft  body 
to  it.  The  lnappings,  which  were  audible 
at  a good  diflance  out  of  the  room,  feemed 
ffrfl  ifochronus  with  the  fhocks  which  I 
had  received,  but  in  about  a minute’s  time, 
oftner;  fo  that  the  people  of  the  houfe  com- 
pared their  found  to  the  rattling  noife  of  a 

jack 
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jack  going  when  the  fly  is  off.  The  cloud 
now  was  juft  over  the  kite  ; it  was  black, 
and  well  defined,  of  almoft  a circular  form, 
its  diameter  appearing  to  be  about  40° ; the 
rain  was  copious,  but  not  remarkably 
heavy.  As  the  cloud  was  going  off,  the 
eleftrical  flapping  began  to  weaken,  and  in 
a fliort  time  became  unaudible,  I went 
then  near  the  firing,  and  finding  the  Elec- 
tricity weak,  but  ftill  negative,  I infulated 
it  again,  thinking  to  keep  the  kite  up  fome 
time  longer;  but  obferving  that  another 
larger  and  denfer  cloud  was  approaching 
apace  towards  the  zenith,  as  I had  then 
no  proper  apparatus  at  hand,  to  prevent 
every  pofiible  bad  accident,  I refolved  to 
pull  the  kite  in  ; accordingly  a gentleman, 
who  was  by  me,  began  pulling  it  in,  while 
I was  winding  up  the  firing.  The  cloud 
was  now  very  nearly  over  the  kite,  and  the 
gentleman,  who  was  pulling  in  the  firing, 
told  me,  that  he  had  received  one  or  two 
flight  fhocks  in  his  arms,  and  that  if  he 
were  to  feel  one  more,  he  would  certainly 
let  the  firing  go ; upon  which  I laid  hold  of 
the  firing,. and  pulled  the  kite  in  as  fall  as  I 

C 4 could. 
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could,  without  any  farther  obfervation;  be- 
ing then  ten  minutes  after  four  o’clock. 

N.  B.  There  was  neither  thunder  or 
lightning  perceived  that  day,  not  indeed  for 
fome  days  before  or  afterwards* 

November  the  8th,  1775.  The  wind 
being  north- we  ft,  and  juft  fufficient,  the 
kite  was  raifed  at  three  quarters  paft  eleven 
A,  M.  with  one  hundred  and  twenty  yards 
of  firing.  The  Electricity  was  politive, 
and  weak,  the  weather  being  cloudy.  At 
noon  the  clouds  grew  thicker,  and  the 
Electricity  quite  vanifhed ; however,  in  a 
few  feconds  it  returned,  and  from  this 
time  it  evidently  kept  increafing  and  de- 
creafing,  according  as  the  clouds  became 
thinner  or  thicker.  At  forty  minutes  after 
one  o’clock  the  EleCtricity  vanifhed  again  ; 
a thick  cloud  then  covering  almoft  the 
whole  hemifphere  ; but  as  a little  rain  be- 
gan to  fall,  the  EleCtricity  returned,  and  it 
was  ftill  pofitive.  At  three  quarters  paft 

t 

three  o’clock  the  clouds  began  to  grow 
thin,  and  the  EleCtricity  increafed  a little ; 
but  at  this  time  I was  obliged  to  .pull  the 

kite 
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kite  in.  The  index  of  the  electrometer  in 
this  experiment  feldom  arrived  to  6°. 

November  the  1 6th.  The  weather  be- 
ing very  clear  and  frofty,  the  kite  was  raif- 
ed  at  a quarter  paft  ten  A.  M.  with  one 
hundred  and  twenty  yards  of  ftring.  The 
EleCtricity  was  pofitive,  and  pretty  llrong, 
the  index  of  the  electrometer  going  from  90 
to  1 50  5 riling  as  the  wind  blew  ftronger, 
and  the  kite  was  more  elevated,  and  vice 
verfa . At  a quarter  pall  three  o’clock  the 
wind,  which  was  north-north-well,  intirely 
failing,  the  kite  fell. 

November  the  17th.  The  weather  be- 
ing exceedingly  damp,  and  the  fog  fo  denfe, 
that  the  houfes  at  about  a quarter  of  a mile 
diftance  could  not  be  diftinguilhed,  the 
kite  was  raifed  at  two  P.  M.  with  one  hun- 
dred and  ten  yards  of  ftring,  while  it  was 
raining,  but  very  little.  The  Ekftricity 
was  politive,  and  fo  weak  that  the  cork- 
balls  of  an  eleClrometer  diverged  about  three 
quarters  of  an  inch.  The  wind  being  very 
violent,  I was  obliged  to  pull  the  kite  in, 
after  having  been  up  for  about  five  minutes. 

December 
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December  the  5th,  1775.  The  weather 
being  equally  cloudy,  and  the  wind  weft 
by  north,  and  hardly  fufficient,  the  kite  was 
railed  at  a quarter  paft  three  P.  M,  with 
one  hundred  and  twenty  yards  of  firing. 
The  Electricity  was  pofitive,  and  fo  weak 
as  to  caufe  the  cork-ball  of  an  electrometer 
to  diverge  about  an  inch.  At  a little  after  ** 
four  o’clock  the  kite  was  pulled  in ; and  at 
eight  o’clock  in  the  evening  it  was  raifed 
again.  At  tqis  time  the  Electricity  was  ' 
much  ftronger  than  in  the  afternoon,  but 
conftantly  pofitive.  The  weather  clearing 
up,  the  clouds  were  driven  away  by  the 
wind,  which  was  now  a little  ftronger 
than  in  the  afternoon.  At  forty  minutes 
after  eight  o’clock  the  fky  was  clear,  the 
moon  and  ftars  appearing  very  bright;  ex- 
cept that  a few  thin  clouds  were  yet  to  be 
feen  near  the  horizon.  The  index  of  the 
eleftrometer  was  now  going  from  15  to  20°. 

At  ten  minutes  after  nine  o’clock  the  kite 
was  drawn  in. 

N.  B.  No  aurora  borealis  was  to  be 
feen* 

't'j,  . . \ 
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December  the  20th.  The  weather  be- 
ing cloudy  and  hazy,  the  kite  was  raifed  at 
three  quarters  after  ten  o’clock  A.  M.  with 
one  hundred  aud  forty  yards  of  firing* 
The  Electricity  was  pofitive,  and  pretty 
ftrong,  the  index  of  the  electrometer  going 
from  1 6°  to  210.  At  half  part  one  P.  M* 
the  weather  growing  a little  clearer,  I pul- 
led the  kite  down;  and,  after  having  inter- 
pofed  a filk  ribband  between  its  loop  and 
the  extremity  of  the  firing,  fo  as  to  infu- 
late  the  kitevI  raifed  it  again  with  the  fame 
length  of  firing ; and,  after  I had  infulated 
the  lower  extremity  of  the  firing,  I ob~ 
ferved  that  the  intenfity  of  the  Electricity, 
as  it  appeared  by  the  index  of  the  elec- 
trometer, was,  as  nearly  as  could  be  de- 
termined, the  fame  as  before,  /.  e.  when  the 
kite  was  not  infulated  with  refpeCt  to  the 
firing* 

At  two  o’clock  P.  M*  I pulled  the  kite 
down,  and  found,  upon  obfervation,  that  the 
hlk  ribband  had  contracted  no  moifture,  fo 
that  the  kite  was  perfectly  infulated  by  it. 
This  experiment  of  infulating  the  kite  I 

have  often  repeated  at  other  times,  and 

•»  • . » *'■  * 
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have  always  met  with  the  fame  fuccefs ; 
hence  it  appears,  that  it  is  the  firing,  and 
not  the  kite,  which  in  general  colledts  the 
Eledtricity  from  the  air.  The  kite  there- 
fore in  general  is  only  ufeful  to  extend  the 
firing  high  into  the  open  air. 

t t * ' • . * ' j . - • 

January  the  4th,  1776.  The  froft  hav- 
ing been  very  hard  during  the  day  and  night 
before,  the  wind  began  to  blow  very  ftrong 
from  the  fouth  at  two  o’clock  A.  M.  which 
occafioned  a fudden  thaw  and  a copious 
rain.  At  eight  o’clock  A.  M.  at  which 
time  the  kite  was  raifed,  the  hemilphere 
appeared  like  a uniform  dark  canopy,  un- 
der which  feveral  fmall,  irregular,  and 
darker  clouds  were  running  very  fail ; the 
rain  was  conftant,  but  not  remarkably 
heavy.  As  foon  as  the  firing  of  the  kite 
was  infulated,  the  Eledtricity,  which  was 
negative,  began  to  fnap  from  it,  to  the 
ihutter  of  the  window  and  other  bodies 
near  ; the  index  of  the  electrometer  arrived 
to  40%  and  it  would  have  certainly  gone 
farther,  if  the  apparatus  had  been  drier ; 
but  the  air  was  fo  damp,  that  it  was  almoft 
impoffible  to  keep  any  part  of  the  appara- 
tus 
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tus  fufficiently  free  from  moifture.  The 

EleCtricity,  however  gradually  decreafed, 
fo  that  at  ten  o’clock  A.  M,  at  which  time 
the  kite  was  pulled  in,  the  index  of  the 
electrometer  was  at  a little  above  1 20.  The 
coated  phials  in  this  experiment  were  charg- 
ed furprilingly  quick ; three  or  four  feconds 
of  time  being  fufficient  to  charge  two  half- 
pint phials  completely. 


January  the  nth.  The  ground  was 
covered  with  ice  and  fnow,  and  the  atmo- 
fphere  was  fo  hazy,  that  the  houfes  at  a 
mile  diltance  could  not  be  perceived*  The 
wind  was  fouth-eaft  by  fouth,  and  juft  fuf- 
ficient to  raife  the  kite,  which  was  raifed 

at  three  o’clock  P.  M.  with  one  hundred 

• 

and  twenty-four  yards  of  firing,  and  kept 
up  till  half  an  hour  after  midnight.  When 
the  kite  was  firft  raifed  it  began  to  thaw, 
but  as  fcon  as  it  was  dark  it  beo-an  to  freeze 

O 

again  very  hard.  The  EleCtricity  was  po- 
fitive,  and  pretty  ftrong,  the  index  of  the 
eledlrometer  being  about  1 30.  At  half  paft 
four  O’clock  I let  out  thirty-four  yards 
more  of  firing,  fo  that  all  the  firing  the  kite 
now  had,  was  one  hundred  and  fifty-eight 

yards* 
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yards.  With  this  addition  of  firing  the 
Electricity  increafed,  fo  that  the  index 
of  the  electrometer  arrived  to  17*.  At 
half  after  five  o’clock  the  wind  began  to 
increafe,  and  the  Electricity  to  decreafe, 
until  the  index  of  the  electrometer  arrived 
to  6°.  At  three  quarters  paft  fix  o’clock 
the  index  of  the  electrometer  was  about 
13%  and  at  feven  o’clock  it  arrived  at  20°; 
the  wind  being  now  quite  eaft.  At  a 
quarter  paft  feven  o’clock  the  index  of  the 
electrometer  was  about  250.  From  this 
time  the  wind  and  the  Electricity  began 
both  to  decreafe,  fo  that  at  nine  o’clock  the 
index  of  the  electrometer  was  about  io°. 
At  eleven  o’clock  the  wind  increafed.  At 
twelve  o’clock  the  wind  was  very  ftrong, 
and  the  index  of  the  electrometer  was 
about  6°.  At  half  paft;  twelve  o’clock  the 
index  of  the  electrometer  was  between  3* 
and  but  the  wind  being  grown  very 
violent,  the  firing  broke  very  near  the  win- 
dow, and  was  loft  with  the  kite. 

* ■ « * • 1 

1 N.  B.  A few  minutes  after  the  kite  wac 
loft,  it  began  to  fnow  copioufly. 

January 
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January  the  26th.  The  froft  being  very 
intenfe,  as  it  had  been  for  about  three 
weeks,  and  adually  fnowing,  I raifed  the 
kite,  with  feventy  yards  of  ftring ; but  be- 
fore the  ftring  was  infulated,  it  ceafed  to 
fnow,  and  the  weather  began  to  clear  up, 
and  foon  became  very  ferene.  The  Elec- 
tricity was  pofitive,  and  very  ftrong,  the 
index  of  the  eledrometer  being  at  about  32°. 
At  eleven  o’clock  the  ftring  broke,  and  the 
kite  fell,  after  having  been  up  for  above 
three  quarters  of  an  hour. 

February  the  17th,  1776.  The  weather 
being  cloudy,  rainy,  and  fo  hazy  that  the 
houfes  at  half  a mile  diftance  could  not  be 
difcerned,  the  kite  was  raifed  at  three 
quarters  paft  eleven  o’clock  A.  M.  with 
one  hundred  and  feventy-five  yards  of 
ftring.  The  wind  was  pretty  ftrong ; the 
Eledricity  was  negative,  and  alfo  ftrong* 
the  index  of  the  eledrometer  being  about 
20°.  In  about  five  minutes  time  the  rain 
ceafed,  the  wind  weakened,  and  fhifted  a 
little  towards  the  fouth;  and  the  Eledri- 
city  changed  from  negative  to  pofitive. 
The  index  of  the  eledrometer  was  now 

about 
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about  1 50.  Iu  two  or  three  minutes  time, 
it  began  to  rain  again,  and  continued  fa 
for  the  greateft  part  of  that  day  ; the  wind 
became  very  weak,  and  the  EleCtricity 
changed  again  from  pofitive  to  negative, 
and  continued  fo  till  half  an  hour  after 
noon ; at  which  time  the  wind  became  fo 
weak  that  I was  obliged  to  pull  the 
kite  in. 

February  the  19th.  The  Iky  being  full 
of  pretty  well  defined  clouds,  and  the 

wind  weft-north-weft,  the  kite  was  railed 

* 

at  half  paft  thr  ce  o c iicK,  i # M.  with  one 
hundred  and  feventy-five  yards  of  firing. 
The  index  of  the  electrometer  going  from 
io°  to  20°.  At  three  quarters  paft  three 
o'clock  a denfe  cloud  palled  over  the  kite, 
which  occafioned  the  index  of  the  electro- 
meter to  defcend  to  40.  As  the  cloud 
went  away,  the  electrometer  elevated  its 
index.  At  four  o'clock  the  kite  was  pulled 
down. 

April  the  8th,  1776.  The  weather  was 
clear,  and  the  northern  light  very  ftrong. 
T ’ The 
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The  kite  was  raifed  for,  a few  minutes  at 
nine  o’clock  P.M.with  one  hundred  and  fe- 

v-  •,  v | < 

venty-five  y&rds  of  tiring,'  the  wind  being 
nortb-north-weft,  and  pretty  ftrong.  The 
Eledtricity  was  pofitive,  and,  as  I could 
judge,  the  index  of  the  eledlrometer  would 
have  arrived  to  150; 

i.  1 * 

May  the  15th,  1776.  The  weather  be- 
ing  cloudy,  and  the  wind  north,  the  kite 
was  raifed  at  three  o’clock  P.  M.  with,one 
hundred  and  feventy  yards  of  firing;  The 
Eledtricity  Was  at  firft  exceedingly  weak, 
and,  as  I imagine  (for  I had  not  time  to 
examine  it)  pofitive.  But  a denfe  cloud 
pafling  over  the  kite,  the  Electricity  va- 
nifhed ; and,  as  a few  drops  of  rain  fell,  a 
very  weak  negative  Eledtricity  appeared, 
which  foon  increafed,  fo  as  to  caufe  the 
index  of  the  eledtrometer  to  arrive  to  1 50. 
The  rain,  however,  in  a few  minutes 
eeafed,  and.  the  Eledtricity  gradually  de- 
created  and  vaniihed.  A very  weak  pcfi- 
five  Eledtricity  immediately  took  place ; 
but,  as  another  denficr  cloud  paiTed  over, 
and  a few  very  fmall  drops  of  rain  fell,  the 
pofitive  Eledtricity  vaniihed,  and  the  ne~ 
Vo l.  II,  D eative 
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gativc  took  place.  The  cloud  and  rain 
Toon  went  off,  and  the  Electricity  became 
again  pofitive,  and  continued  fo  till  the 
kite  was  pulled  down.  According  as  the 
clouds,  which  paffed  continually  over  the 
kite,  were  thinner  or  thicker,  fo  the  Elec- 
tricity was  more  or  lefs  intenfe  5 fometimes 
caufing  the  index  of  the  electrometer  to 
arrive  to  50,  and  at  other  times  being  fearce 
perceivable  with  the  cork-ball  electrometer. 
At  five  o’clock  the  kite  was  pulled  in,  the 
weather  being  then  pretty  clear,  and  the 
index  of  the  electrometer  at  30.  The  wind, 
during  this  experiment,  was  ftronger,  of 
weaker,  according  as  the  clouds  which 
paffed  over  were  thicker  or  thinner.  At 
half  pad;  feven  o’clock  in  the  evening  of 
the  fame  day,  the  kite  was  railed  again, 
with  the  fame  length  of  firing,  the  wind 
being  then  rather  ftrong,  and  the  weather 
pretty  clear.  The  EleCtricity  was  pofitive, 
and  the  index  of  the  electrometer  flood  at 
io°>  but  as  fome  clouds  came  from  the 
north,  the  EleCtricity  began  to  decreafe,  and 
by  eight  o’clock  it  juft  feparated  the  balls 
of  an  electrometer,  the  hemifphere  being 
then  entirely  covered  by  clouds.  At  half 
2 paft 
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y>aft  eight  o’clock  the  kite  was  pulled  down, 
the  clouds  over  the  kits  being  then  very 
thin,  and  the  index  of  the  electrometer 

at  50. 

June  the  4th,  1776.  The  weather  being 
cloudy,  and  the  wind  on  the  fouth-fouth- 
weft,  the  kite  was  raifed  at  one  o’clock 
P.  M.  with  one  hundred  and  feventy  yards 
of  firing.  The  Electricity  was  pofitive, 
and  the  index  went  from  i°  to  70.  At 
three  quarters  paft  one  o’clock  the  clouds 
began  to  be  diffipated,  and  the  Electricity 
increafed  a little.  At  two  o’clock  the  kite 
was  pulled  in. 

June  the  17th*  The  weather  being 
cloudy,  and  the  wind  fouth-weft,  the  kite 
was  raifed  at  five  o’clock  P.  M.  with  one 
hundred  and  feventy  yards  of  firing.  The 
Electricity  was  pofitive,  and  the  index  of 
the  electrometer  went  from  io°  to  x6\ 
In  this  experiment  the  clouds,  whether 
thicker  or  thinner,  feemed  to  have  no  ef- 
fect upon  the  EleCtricity  of  the  kite.  At 
a quarter  pajft  fix  o’clock  the  kite  was 
pulled  in. 

P % June 
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June  the  20th.  The  weather  being 
Cloudy,  and  the  wind  eaft,  and  juft  fuf- 
ficient,  the  kite  was  rtfifed  at  three  quar- 
ters paft  three  P.  M.  with  one  hundred 
and  feventy  yards  of  ftring.  The  EleCtri- 
city  was  pofitive,  and  the  index  of  the 
electrometer  ftood  at  about  8*.  At  five 
o'clock  the  weather  began  to  clear  up,  and 
the  Electricity  to  iftcreafe ; fo  that  in  half 
an  hour's  time,  the  index  of  the  eleCtro-  • 
meter  arrived  to  170;  and  at  fix  o'clock  it 
ftood  at  2 50.  But  the  wind  fuddenly  fail- 
ing about  this  time,  the  kite  fell. 

January  the  8th,  1777*  The  weather 
being  frofty  and  clear,  and  the  wind  north, 
and  pretty  ftrong,  the  kite  was  raifed  at 
four  o'clock  P.  M.  with  one  hundred  and 
feventy  yards  of  ftring.  The  EleCtricity 
was  pofitive  and  ftrong,  the  index  of  the 
electrometer  being  at  36°.  The  fpark  taken 
from  the  fmall  prime  Conductor  was  re- 
markably pungent  in  this  experiment,  al- 
though it  was  hardly  a quarter  of  an  inch 
long.  At  a quarter  paft  five  o'clock  the 
kite  was  pulled  in* 


General 
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General  Laws , deduced from  the  Experiments 
performed  with  the  eledlrical  Kites. 

I.  The  air  appears  to  be  ele&rified  at  ail 
times  j its  Electricity  is  conftanily  pofitive, 
and  much  itronger  in  frolly,  than  in  warm 
weather  *;  but  it  is  by  no  means  lefs  in  the 

» 

night  than  in  the  day-time  -f\ 

I 

II.  The  prefence  of  the  clouds  generally 
lelTens  the  Electricity  of  the  kite : fome- 
times  it  has  no  effeCt  upon  it ; and  it  is  very 
feldom  that  it  increafes  it  a little. 

* My  obfervations  upon  tlie  Ele&ricity  of  the  at- 
^lofphere  have  been  made  in  almoft  every  -degree  of 
temperature,  from  150  to  8o°  of  Farenheit’s  ther- 
mometer. 

f In  all  my  experiments,  it  happened  only  once 
that  the  firing  of  the  kite  gave  no  figns  of  Electricity  ; 
it  was  one  afternoon,  when  the  weather  was  warm,  and 
the  wind  fo  weak,  that  the  kite  was  raifed  with  diffi* 
culty,  and  could  hardly  be  kept  up  for  a few  minutes ; 
in  the  evening,  however,  the  wind,  which  in  the  day- 
time had  been  north-weft,  fhifted  to  the  north-eaft? 
blowing  a little  ftronger : 1 th«n  raifed  the  kite  again, 
being  half  paft  ten  o’clock,  and  obtained,  as  ufual,  a 
pretty  flrong  pofitive  Ele&ricity. 

P 3 
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III.  When  it  rains,  the  Electricity  of  the 
kite  is  generally  negative,  and  very  feldom 
pofitive. 

IV.  The  aurora  borealis  fcems  not  to 
affeCt  the  Electricity  of  the  kite. 

• \ 

V.  The  eleCtrical  fpark  taken  from  the 
firing  of  the  kite,  or  from  any  infuiated 
Conductor  connected  with  it,  efpecialiy 
when  it  does  not  rain,  is  very  feldom 
longer  than  a quarter  of  an  inch  ; but  it  is 
exceedingly  pungent.  When  the  index  of 
the  electrometer  is  not  higher  than  20°, 
the  Derfort.  that  takes  the  fpark  will  feel 
the  effedt  of  it  in  his  legs ; it  appearing 
more  like  the  difcharge  of  an  eledtric  jar, 
than  the  fpark  taken  from  the  prime  Con- 
ductor of  an  eleCtrical  machine. 

VI.  The  Electricity  of  the  kite  is  in 
general  ftronger  or  weaker,  according  as 
the  firing  is  longer  or  fhorter ; but  it  does 
not  keep  any  exaCt  proportion  to  it : the 
EleClricity,  for  inflance*  brought  down  by 
a firing  of  a hundred  yards,  may  raife  the 
index  of  the  electrometer  to  20°  5 when* 

with 
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<vith  double  that  length  of  firing,  the  in- 
dex of  the  electrometer  will  not  go  higher 

than  2 50. 

VII.  When  the  weather  is  damp,  and 
the  Electricity  is  pretty  flrong,  the  index  of 
the  electrometer,  after  taking  a fpark  from 
the  firing,  or  prefenting  the  knob  of  a coat- 
ed phial  to  it,  rifes  furprifingly  quick  to  its 
ufual  place ; but  in  dry  and  warm  weather, 
it  rifes  exceedingly  flow. 

Thefe  few  laws  arc,  in  fhort,  the  deduc- 
tion of  all  my  experiments  performed  with 
the  kites,  during  the  courfe  of  about  two 
years.  How  far  they  may  be  of  ufe,  or 
may  coincide  with  the  obfervations  of  other 
experimentators,  I will  not  pretend  to  fay. 
My  experiments  have  been  performed  at 
Iflington,  and  perhaps  the  refill t of  fimilar 
ones  may  be  different  at  other  places,  efpe- 
cially  under  different  climates ; I wifh, 
therefore,  that  they  may  be  accurately  re- 
peated in  other  places,  and  their  refult 
pay  be  compared  together ; in  order  to  de- 
termine, if  poffible,  fomething  fatisfaClory, 
relative  to  the  caufe  of  that  perpetual 
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Electricity  which  exifts  in  the  aimofpherep 
and  which,  very  probably,  occafions  the 
Electricity  of  the  clouds,  meteors,  &c* * 


CHAP.  III. 

• • \ . * r 

Experiments  performed  with  the  Atmofpberi- 
cal  Electrometer,  and  the  Electrometer 

\ * 1 - * r 

the  Rain . 

• 1 * 

IG.  1.  of  Plate  III.  reprefents  a very 
limple  inlhrument,  which  I have 
contrived  for  the  purpofe  of  making  obfer- 
vations  on  the  Electricity  of  the  atmo- 
fphere;  and  which,  on  feveral  accounts, 
feems  to  be  the  moft  ufeful  for  that  pur- 
pofe. A B is  a common  jointed  filhing- 
rod,  without  the  laft  or  fmalleft  joint. 
From  the  extremity  of  this  rod  proceeds  a 
flender  giafs  tube  C,  covered  with  fealing- 
wax,  and  having  a cork  D,  at  its  end, 
from  which  a pith -ball  electrometer  is 
fufpended.  PI  G I is  a piece  of  twine  faf- 
tened  to  the  other  extremity  of  the  rod, 
and  fupported  at  G by  a fmall  ftring  FG. 

' ' ■ : At 
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At  the  end  I of  the  twine  a pin  is  fattened, 
which,  when  puihed  into  the  cork  D, 
renders  the  electrometer  E uninfulated, 

• . . V f 

* I 

When  I would  obferve  the  EleCtricity 
of  the  atmofphere  with  this  inftrument,  { 
thruft  the  pin  I into  the  cork  D,  and 
holding  the  rod  by  its  lower  end  A,  pro- 
ved: it  out  from  a window  pf  the  upper 
part  of  the  houfe  into  the  air,  railing  the 
end  of  the  rod  with  the  electrometer,  fo  as 
£o  make  an  angle  of  about  $o°  or  6o?  with 
the  horizon.  In  this  litigation  I keep  the 
inftrument  for  a few  feconds,  and  then 
pulling  the  twine  at  H,  I cjifengage  the  pin 
from  the  cork  D ; which  operation  caufes 
the  firing  tp  drop  in  the  dotted  lituation 
K L,  and  leaves  the  electrometer  infulated 
and  electrified,  with  an  EleCtricity  contrary 
to  that  of  the  atmofphere.  — - This  done,  I 
draw  the  inftrument  into  the  room,  and 
examine  the  quality  of  the  EleCtricity, 
without  obftruCtion  either  from  wind  or 
darknefs, 

' V f «»  • , * 

With  this  inftrument  I have  made  oh-? 
fervations  on  the  EleCtricity  of  the  atmo- 
fphere-, 
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fphere,  feveral  times  in  a day  for  feveral 
months,  and  from  them  1 have  deduced 
the  following  general  oblervations,  which 
feem  to  coincide  with  thofe  made  with  the 
eledrical  kites, 

I.  That  there  is  in  the  atmofphere,  at 
all  times,  a quantity  of  Eledricityj  for* 
whenever  I ufe  the  above-defcribed  inftru* 
ment,  it  always  acquires  fome  Eledjri-* 
city, 

II.  That  the  Eledricity  of  the  atmo* 
fphere,  or  fogs,  is  alwrays  of  the  fame  kind, 
namely  pofitive;  for  the  eledrometer  is 
always  negative,  except  when  it  is  evidently 
influenced  by  heavy  clouds  near  the  zenith ; 
as  appears  by  the  obfervations  made  on 
the  19th  of  Odober,  in  the  following  fpeci-* 
men  of  the ’journal, 

III.  That  in  general,  the  ArongeA  Elec* 
tricity  is  obfervable,  in  thick  fogs,  and  alfo 
in  froAy  weather  ; and  the  weakeA,  when 
it  is  cloudy,  warm,  and  very  near  raining; 
but  it  does  not  feem  to  be  lefs  by  night  thaq 
in  the  day  time. 


IV.  That 
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IV.  That  in  a more  elevated  place  the 
Ele&ricity  is  ftrcnger  than  in  a lower  one  $ 
for,  haying  tried  the  atmofpherical  electro- 
meter, both  in  the  ftone  and  iron  gallery 
on  the  cupola  of  St.  Paul's  Cathedral,  I 
found  that  the  balls  diverged  much  more 
in  the  latter  than  in  the  former  lefs  ele- 
vated place  hence  it  appears,  that,  if  this 
rule  takes  place  at  any  diftance  from  the 
earth,  the  Eledtricity  in  the  upper  regions 
of  the  atmofphere  mu  ft  be  exceedingly 
ftrong. 


The 


The  following  is  the  mod  remarkable  part  of  the  Journal  of  the  observations  made  with  the  * bovs-de bribed 
atmofpherical  electrometer,  in  which  I have  noted  the  Electricity  ot  the  eleCt roineter,  /.  e.  the  contrary  of  that 
in  the  atmofphere. 
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The  electrometer  for  the  rain,  in  prin-> 
ciple  is  nothing  more  than  an  infulated  in- 
ftrument  to  catch  the  rain,  and  by  a pith- 
ball  electrometer  to  Ihow  the  quantity  and 
quality  of  its  EleCtricity. 

Fig.  2.  of  Plate  III.  reprefents  an  inftru- 
ment  of  this  kind,  which  I have  frequent- 
ly ufed,  and  after  feveral  obfervations,  have 
found  to  anfwer  very  well.  A B C I is  a 
ftrong  glafs  tube  about  two  feet  and  a half 
long,  having  a tin  funnel,  D E,  cemented  to 
its  extremity,  which  funnel  defends  part  of 
the  tube  from  the  rain.  The  outfide  fur- 
face  of  the  tube  from  A to  B is  covered 
with  fealing-wax  ; fo  alfo  is  the  part  of 
it  which  is  covered  by  the  funnel.  F D is  a 
piece  of  cane,  round  which  feveral  brafs 
wires  are  twilled  in  different  directions,  fo 
as  to  catch  the  rain  ealily,  and  at  the  fame 
time  to  make  no  reiiffance  to  the  wind, 

j 

This  piece  of  cane  is  fixed  into  the  tube, 
and  a fender  wire  proceeding  from  it  goes 
through  the  bore  of  the  tube,  and  commu- 
nicates with  the  ftrong  wire  A G,  which  is 
thruft  into  a piece  of  cork  faftened  to  the 
end  A of  the  tube.  The  end  G of  the 
wire  AG  is  formed  into  a ring,  from  which 

I fufpend 
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I fufpcnd  a more  or  lefs  fenfible  pi; h-baii 
electrometer,  as  occafion  requires. 

This  inftrument  is  fattened  to  the  iide 

1 

of  the  window-frame,  vhere  it  is  fupported 
by  ftrong  brafs  hooks  at  C B,  which  part 
of  the  tube  is  covered  with  a filk  lace,  in 
order  to  adapt  it  better  to  the  hooks.  The 
part  F C is  out  of  the  window,  with  the 
end  F a little  elevated  above  the  horizon. 
The  remaining  part  of  the  inftrument 
comes  through  a hole  in  one  of  the  lights 
of  the  fafh,  within  the  room,  and  no  more 
of  it  touches  the  fide  of  the  window  than 
the  part  C B. 

When  it  rains,  efpecially  in  palling 
fhowers,  this  inftrument,  Handing  in  the 
fituation  above  defcribed,  is  frequently 
electrified  ; and,  by  the  diverging  of  the 
electrometer,  the  quantity  and  quality  of 
the  Electricity  of  the  rain  may  be  obferved, 
without  any  danger  of  a miftake.  With 
this  inftrument  I have  obferved,  that  the 
rain  is  generally,  though  not  always  elec- 
trified negatively,  and  fometimes  fo  ftrong- 
ly>  that  I have  been  able  to  charge  a fmall 
coated  phial  at  the  wire  A G. 


This 
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This  inftrument  fliould  be  fixed  in  fuch  a 
manner,  that  it  may  be  eafily  taken  off 
from  the  window,  and  replaced  again,  as  oc- 
cafion  requires  j for  it  will  be  neceflary  to 
clean  it  very  often,  particularly  when  a 
(bower  of  rain  is  approaching. 

I fhall  conclude  this  chapter  with  the 
defcription  of  a pocket  electrometer,  fig.  5 
and  6.  of  Plate  III.  that  I have  lately  con- 
ftrufted,  and  which,  on  feveral  accounts, 
feems  preferable  to  thofe  of  the  moSt  fen-t 
lible  fort  now  in  life.  The  cafe,  or  handle 
of  this  electrometer  is  formed  by  a glafs 
tube,  about  three  inches  long,  and  three- 
tenths  of  an  inch  in  diameter,  half  of 
which  is  covered  with  fealing-wax.  From 
one  extremity  of  this  tube,  i.  e.  that  with- 
out  fealing-wax,  a fmall  loop  of  filk  pro- 
ceeds, which  ferves  occasionally  to  hang  the 
electrometer  on  a pin,  &c.  To  the  other: 
extremity  of  this  tube  a cork  is  adapted, 
which,  being  cut  tapering  on  both  ends, 
can  fit  the  mouth  of  the  tube  with  either 
end.  From  one  extremity  of  this  cork, 
two  linen  threads  proceed,  a little  Shorter 
than  the  length  of  the  tube,  fufpending 
each  a little  cone  of  pith  of  elder.  Whea 

this 
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this  electrometer  is  to  be  ufed,  that  end  of 
the  cork  which  is  oppoftte  to  the  threads 
is  pufhed  into  the  mouth  of  the  tube  ; 
then  the  tube  forms  the  infulated  handle 
of  the  pith  electrometer,  as  reprefented  fig; 
6.  Plate  III.  Bat  when  the  electrometer  is 
to  be  carried  in  the  pocket,  then  the 
threads  are  put  into  the  tube,  and  the  cork 
flops  it,  as  reprefented  fig.  5*  The  pecu- 
liar advantages  of  this  electrometer  are,  its 
convenient  fmall  fize,  its  great  fenfi  bility, 
and  its  continuing  longer  in  good  order  than 
any  other  I have  yet  been. 

Fig.  4.  of  Plate  ILL  reptefent's  a cafe  to 
carry  the  above-defcribed  electrometer  in; 
This  cafe  is  like  a common  tooth-pick  cafe, 
except  that  it  has  a piece  of  amber  fixed  ori 
One  extremity  A,  which  may  cecafionally 
ferve  to  eleCtrify  the  electrometer  nega- 
tively, and  on  the  other  extremity  it  has  & 
piece  of  ivory  fattened  upon  a piece  of  ani* 
ber  B C.  This  amber  B C lerves  only  to 
infulate  the  ivory,  which,  when  infulated, 
and  rubbed  againft  woollen  cloths*  acquire* 
a pofitive  Electricity j and  it  is  therefore  ufe-* 
ful  to  electrify  the  ekCtrometer  pofitivelyx 
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CHAP.  IV* 

Experiments  made  with  the  EleCtrophorus , 
commonly  called  a Machine  for  exhibiting 
perpetual  Electricity . 

IN  fig.  9.  of  Plate  III- there  are  repre- 
fented  fome  Plates,  commonly  called 
•the  Machine  for  exhibiting  perpetual  Elec- 
tricity, or  the  EleClrophorus . This  machine 
confifts  of  two  plates,  one  of  which,  B,  is 
a circular  glafs  plate,  covered  on  one  fide 
with  fome  fulphureous  or  refinous  eledtric, 
moll  commonly  with  a compofition  made 
of  equal  parts  of  rofin,  fhell-lac  and  ful- 
phur ; the  other  plate  A,  is  a brafs  plate, 
or  a board  covered  with  tin- foil,  which  is 
nearly  of  the  fame  dimenfions  as  the  elec- 
tric plate,  and  it  is  furnifhed  with  a glafs 
handle  I,  which,  by  means  of  a brafs  or 
wooden  focket,  is  fcrewed  into  its  center. 
This  machine  is  the  invention  of  an  Italian, 
philofopher  (Mr.  Volta  of  Como)  and  its 
ufe  is  the  following  : 


Firft, 
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Firft,  the  plate  B is  excited,  by  rubbing 
its  coated  iide  with  a piece  of  new  white 
flannel,  and  when  excited  as  much  as  pof- 

•r 

Able,  is  fet  upon  the  table  with  the  coated 
fide  uppermoft.  Secondly,  the  metal  plate 
is  laid  upon  the  excited  eleCtric,  as  repre- 
fented  in  the  figure.  Thirdly,  the  metal 
plate  is  touched  with  the  finger  or  any 
other  Conductor,  which,  on  touching  the 
plate,  receives  a fpark  from  it.  Laflly,  the 
metal  plate  A,  being  held  by  the  extre- 
mity of  its  glafs  handle  I,  is  feparated  from 
the  eleCtric  plate ; and,  after  it  is  elevated 
above  that  plate,  it  will  be  found  ftrongly 
electrified,  with  an  EleCtricity  contrary  to 
that  of  the  eleCtric  plate,  in  which  cafe  it 
will  give  a very  ftrong  fpark  to  any  Con- 
ductor brought  near  it.  By  fetting  the  metal 
upon  the  elcCtric  plate,  touching  it  with  the 
finger,  and  feparating  it  fuccefiively,  a great 
number  of  fparks  may  be  obtained  appa- 
rently of  the  fame  ftrength,  and  that  with- 
out exciting  again  the  eleCtnc  plate.  If  thele 
fparks  be  repeatedly  given  to  the  knob  of 
a coated  phial,  this  will  prefently  become 
charged. 


The 
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The  action  of  thefe  plates  depends  upon 
a principle  long  ago  difcovered,  viz.  the 
power  that  an  excited  eleCtric  has  to  in- 
duce a contrary  EleCtricity  in  a body  brought 
within  its  fphere  of  aCtion ; the  metal  plate, 
therefore,  when  fet  upon  the  excited  elec- 
tric, acquires  a contrary  Electricity,  by  giv- 
ing its  eleCtric  fluid  to  the  hand,  or  other 
Conductor  that  touches  it,  when  fet  upon 
a plate  pofitively  electrified ; or  acquiring 
an  additional  quantity  of  fluid  from  the 
hand,  &c.  when  fet  upon  a plate  electrified 
negatively. 

As  to  the  continuance  of  the  virtue  of 
this  eleCtric  plate,  when  once  excited,  with- 
out repeating  the  excitation,  I think  there 
is  not  the  lead:  foundation  for  believing  it 
perpetual,  as  fome  perfons  have  fuppofed; 
it  being  nothing  more  than  an  excited  elec- 
tric, it  mufl  gradually  lofe  its  power,  by 
imparting  continually  fome  of  its  Elec- 
tricity to  the  air,  or  other  fubftances  con- 
tiguous to  it.  Indeed  its  EleClricity,  al- 
though it  could  never  be  proved  to  be  per- 
petual by  experiments,  lafts  a very  long  time, 
it  having  been  obferved  to  be  pretty  ftrong 
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feveral  days,  and  even  weeks,  after  excita- 
tion. The  great  duration  of  the  Electricity 
of  this  plate,  I think,  depends  upon  two 
eaufes  : firft,  becaufe  it  does  not  lofe  any 
EleCtricity  by  the  operation  of  putting  the 
metal  plate  upon  it,  &c.;  and,  fecondly, 
becaufe  of  its  flat  figure,  which  expofes  it 
to  a lefs  quantity  of  air,  in  comparifon  with 
a ftick  of  fealing-wax,  or  the  like,  which 
being  cylindrical,  expofes  its  furface  to  a 
greater  quantity  of  air,  which  is  continually 
robbing  the  excited  eleCtrics  of  their 
virtue. 

The  firft  experiments  that  I made  rela- 
tive to  this  machine,  were  with  a view  to 
difcover  which  fubftance  would  anfwer  beft 
for  coating  the  glafs  plate,  in  order  to  pro- 
duce the  greateft  effeCL  I tried  feveral 
fubftances  either  Ample  or  mixed,  and  at 
laft  I obferved,  that  the  ftrongeft  in  power, 
as  well  as  the  eafieft  I could  conftruCt, 
were  thofe  made  with  the  fecond  fort  of 
fealing-wax  *,  fpread  upon  a thick  plate  of 

glafs. 

* It  is  remarkable,  that  fometimes  they  will  not  a£fc 
Well  at  firft ; but  they  may  be  rendered  very  good,  by 
fcraping  with  the  edge  of  a knife  the  fhining  or  glofly 

fubftance 
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glafs  *f\  A plate  that  I made  after  this 
manner,  and  no  more  than  fix  inches  in 
diameter,  when  once  excited,  could  charge 
a coated  phial  feveral  times  iuccefiively,  fo 
ftrong  as  to  pierce  a hole  through  a card 
with  the  difcharge.  Sometimes  the  me"ai 
plate,  when  feparated  from  it,  was  fo 
ftrongly  eledlrified,  that  it  darted  ftrong 
flafihes  to  the  table  upon  which  the 
eledtric  plate  was  laid,  and  even  into  the 
air,  befides  caufing  the  fenfation  of  the  fpi- 
der’s  web  upon  the  face  brought  near  it, 
like  an  eledtric  ftrongly  excited.  The 
power  of  fome  of  my  plates  is  fo  ftrong, 
that  fometimes  the  eledtric  plate  adheres  to 
the  metal,  when  this  is  lifted  up ; nor  will 
they  feparate,  even  when  the  metal  plate  is 

fubftance  of  the  wax.  This  feems  analogous  to  the 
well-known  property  of  glafs ; which  is,  that  new  cy- 
linders or  globes,  made  for  ele&rical  purpofes,  are  often 
very  bad  eledtrics  at  firft,  but  that  they  improve  by  be- 
ing worked?  i.  e.  by  having  their  furface  a little  worn. 
Paper  alfo  has  nearly  the  fame  property, 

+ I have  lately  feen  fome  of  thofe  plates,  conftrudted 
by  Mr.  G.  Adams,  which  adted  exceedingly  well ; and 
they  were  made  with  a compofition  of  two  parts  of  fhell- 
lac,  and  one  part  of  Venice  turpentine,  without  any 
glafs  plate, 
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touched  with  a finger,  or  other  Con- 
ductor. 

If,  after  having  excited  the  fealing-wax, 
I lay  the  plate  with  the  wax  upon  the  table, 
and  the  glafs  uppermoft,  u e.  contrary  to 
the  common  method,  then,  on  making  the 
ufual  experiment  of  putting  the  metal  plate 
on  it,  and  taking  the  fpark,  8cc.  I obferve 
it  to  be  attended  with  the  contrary  Elec- 
tricity ; that  is,  if  I lay  the  metal  plate 
upon  the  electric  one,  and  while  in  that 
fituation  touch  it  with  an  infulated  body, 
that  body  acquires  the  poiitive  Electricity, 
and  the  metallic,  removed  from  the  eleCtric 
plate,  appears  to  be  negative;  whereas  it 
would  become  pofitive  if  laid  upon  the  ex- 
cited wax.  This  experiment,  I find,  an- 
fwers  in  the  fame  manner,  if  an  eleCtric 
plate  is  ufed  which  has  the  fealing-wax 
coating  on  both  fides,  or  one  of  Mr. 
Adams’s,  which  has  no  glafs  plate. 

If  the  brafs  plate,  after  being  fepa rated 
from,  be  prefented  with  the  edge  toward 
the  wax,  lightly  touching  it,  and  thus  be 
drawn  over  its  furface,  I find  that  the 

Eleftricity 


on  Electricity.  55 

Ele&ricity  of  the  metal  is  abforbed  by  the 
fealing-wax,  and  thus  the  eledric  plate 
lofes  part  of  its  power;  and  if  this  opera- 
tion be  repeated  live  or  fix  times,  the  elec- 
tric plate  lofes  its  power  intirely,  fo  that  a 
new  excitation  is  necefiary  in  order  to  re- 
vive it. 

\ 

If,  inftead  of  laying  the  eledric  plate 
upon  the  table,  it  be  placed  upon  an  eledric 
ftand,  10  as  to  be  accurately  inlulated,  then 
the  metal  plate  fet  on  it  acquires  fo  little 
Electricity  that  it  can  only  be  oifcovered 
with  an  eledrometer;  which  fhews  that  the 
EleCtricity  of  this  plate  will  not  be  con- 
fpicuous  on  one  fide  of  it,  if  the  oppofite 
fide  is  not  at  liberty  either  to  part  with, 
or  acquire  more  of  the  eledric  fluid.  In 
confequence  of  this  experiment,  and  in  or- 
der to  afcertain  how  the  oppofite  fides  of 
tne  eledric  plate  would  be  afleded  in  dif- 
ferent cxrcumftances,  I made  the  following 
experiments:  6 

Upon  an  ekdric  ftand  E,  fig,  g.  Plate 

, 1 placed  a circ'ular  tin  plate,  nearly  fix 
m CS  in  dia«ieter,  which  by  a flender 

E 4 


wire 


56  A Complete  Treatise 

wire  H communicated  with  an  eledtrometer 
of  pith-balls  G,  which  was  alfo  infulated 
upon  the  electric  {land  F.  I then  placed 
the  excited  eledtric  plate  D,  of  fix  inches 
and  a quarter  in  diameter,  upon  the  tin 
plate,  with  the  wax  uppermoft,  and  on  re- 
moving my  hand  from  it,  the  eledtrome- 
ter  G,  which  communicated  with  the  tin 
plate,  /.  e . with  the  under  fide  of  the  eledtric 
plate,  immediately  opened  with  negative 
Eledtricity.  If,  by  touching  the  eledtro- 
meter,  I took  that  Eledtricity  off,  the  elec- 
trometer did  not  afterwards  diverge.  But 
if  now,  or  when  the  eledtrometer  diverged, 
I prefented  my  hand  open,  or  any  other 
uninfulated  Condudtor,  at  the  diflance  of 
about  one  or  two  inches,  over  the  eledtric 
plate,  without  touching  it,  then  the  pith- 
balls  diverged ; or  if  they  diverged  before, 
came  together  and  immediately  diverged 
again  with  pofitive  Eledtricity; — I removed 
the  hand,  and  the  balls  came  together; — * 
approached  the  hand,  and  they  diverged; 
and  fo  on. 

If,  while  the  pith-balls  diverged  with  ne- 
gative Eledtricity,  I laid  the  metal  plate, 

holding 
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holding  it  by  the  extremity  K of  its  glafs 
handle,  upon  the  wax,  the  balls  came,  for  a 
little  time,  towards  one  another,  but  foon 
opened  again  with  the  fame,  /.  e . negative 
Electricity. 

If,  whilft  the  metallic  refted  upon  the 
eleCtric  plate,  I touched  the  former,  the 
electrometer  immediately  diverged  with 
pofitive  EleCtricity,  which  if,  by  touch- 
ing it,  I took  off,  the  electrometer  con- 
tinued without  divergence, — I touched  the 
metal  plate  again,  and  the  electrometer 
opened  'again ; and  fo  on  for  a conliderable 
number  of  times,  until  the  metal  plate  had 
acquired  its  full  charge.  On  taking  now 
the  metal  plate  up,  the  electrometer  G in- 
ftantly  diverged  with  ftrong  negative  Elec> 
tricity. 

I repeated  the  above-defcribed  experi- 
ments with  this  only  difference  in  the  dif- 
pofition  of  the  apparatus,  u e.  I laid  the 
eleCtric  plate  D,  with  the  excited  fealing- 
wax,  upon  the  circular  tin  plate,  and  the 
glafs  uppermoft ; and  the  difference  in  their 
lefult  was^  that  where  the  EleCtricity  had 

been 
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been  pofitive  in  the  former  difpofition  of  the 
apparatus,  it  now  became  negative,  and  vice 
verfa,  except  that,  when  I firft  laid  the 
eledtric  plate  upon  the  tin,  the  electrometer 
G diverged  with  negative  Eledtricity,  as 
well  in  this  as  in  the  other  difpofition  of  the 
apparatus. 

I repeated  all  theabove-mentioned  experi- 
ments with  an  eledtric  plate,  which,  befides 
the  fealing-wax  coating  on  one  fide,  had  a 
Itrong  coat  of  varnifh  on  the  other  fide; 
and  their  refult  was  fimilar  to  that  of  thofe 
made  with  the  above-defcribed  plate. 

As  to  the  explanation  of  thefe  experi- 
ments, they  feem  to  depend  upon  thefe  two 
well-known  principles,  viz.  that  a body 
brought  within  the  fphere  of  adtion  of  an 
eledtrified  body,  does  adtually  acquire  the 
contrary  Eledtricity:  and  that  the  exigence 
of  one  kind  of  Eledtricity  upon  the  furface 
of  a fubftance  whatever,  caufes  the  exiftence 
of  the  contrary  Eledtricity  upon  fome  other 
fubftance  near  it. 

< r 
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CHAP.  V. 

Experiments  on  Colours . 

I If  A V IN  G accidentally  obferved  that 
A an  electric  fhock,  fent  over  the  fur- 
face  of  a card,  marked  a black  Itroke  upon 
a red  fpot  of  the  card,  I was  from  this  in- 
duced to  try  what  would  be  the  effedt  of 
fending  fhocks  over  cards  painted  with  dif- 
ferent water-colours;  accordingly  I paint- 
ed feveral  cards  with  almofi:  every  colour 
I had,  and  fent  fhocks  * over  them,  when 
they  were  very  dry;  making  ufe  of  the  uni- 
verfal  difcharger,  fig.  5.  Plate  I.  The  ef- 
fects were  as  follow  : 

Vermilion  was  marked  with  a Prong 
black  track,  about  one-tenth  of  an  inch 
wide.  This  ftroke  is  generally  fingle,  as 
reprefented  by  AB,  fig.  7.  of  Plate  III.; 
fometimes  it  is  divided  in  two  towards  the 

* The  force  generally  employed  was  the  full  charge 
of  one  foot  and  a half  of  coated  glafs. 
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middle,  like  E F ; and  fometimes,  particu-* 
larly  when  the  wires  are  fet  at  a considerable 
diftance  of  one  another,  the  Stroke  is  not  con- 
tinued, but  interrupted  in  the  middle,  like 
G H.  It  often,  although  not  always,  hap- 
pens, that  the  impreflion  is  marked  Stronger 
at  the  extremity  of  that  wire  from  which 
the  eledtric  fluid  iflues,  as  it  appears  at  E5 
fuppofmg  that  the  wire  C communicates 
with  the  pofitive  fide  of  the  jar ; whereas 
the  extremity  of  the  ftroke,  contiguous  to 
the  point  of  the  wire  D,  is  neither  fo 
ftrongly  marked,  nor  furrounds  the  wire  fo 
much  as  the  other  extremity  E. 

t 

Carmine  received  a faint  and  flender  irn- 
preflion  of  a purple  colour. 

Verdigrife  was  Shook  off  from  the  furface 
of  the  card,  except  when  it  had  been  mixed 
with  ftrong  gum-water,  in  which  cafe  it 
received  a very  faint  impreflion. 

White  lead  was  marked  with  a ftrong 
black  track,  not  fo  broad  as  that  on  ver- 
milion. 
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Red  lead  was  marked  with  a faint  mark, 
much  like  carmine. 

The  other  colours  I tried,  were  orpi- 
ment,  gambodge,  fap-green,  red-ink,  ul- 
tramarine, Pruffian  blue,  and  a few  others, 
which  were  compounds  of  the  above ; but 
they  received  no  impreffion. 

It  having  been  infinuated,  that  the  ftrong 
black  mark,  which  vermilion  receives  from 
the  electric  fhock,  might  poffibly  be  owing 
to  the  great  quantity  of  fulphur  contained 
in  that  mineral,  I was  induced'to  make  the 
following  experiment: — • I mixed  together 
equal  quantities  of  orpiment  and  flower  of 
fulphur,  and  with  this  mixture,  by  the 
help,  as  ufual,  of  very  diluted  gum-water, 
I painted  a card ; but  the  eledtric  fhock  fent 
over  it  left  not  the  leaft  impreffion. 

Defirous  of  carrying  this  inveftigatlon  on 
colours  a little  further,  with  a particular 
view  to  determine  fomething  relative  to  the 
properties  of  lamp-black  and  oil  *,  I pro- 
cured 

* It  has  often  been  obferved,  that  when  the  light- 
ning has  flruck  the  malts  of  Ihips,  it  has  palfed  over 

fuch 
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cured  fome  pieces  of  paper  painted  on  both 
fides  with  oil  colours,  and  fending  the 
charge  of  two  feet  of  coated  glafs  over  each 
of  them,  by  making  the  interruption  of  the 
circuit  upon  their  furfaces,  I obferved  that 
the  pieces  of  paper  painted  with  lamp- 
black, Pruffian-blue,  vermilion,  and  pur- 
ple brown,  were  torn  by  the  explofion,  but 
white  lead,  Naples  yellow,  Englifh  ochre, 
and  verdigrife  remained  unhurt. 

/ 

The  fame  fhock  fent  over  a piece  of  pa- 
per painted  very  thickly  with  lamp-black 
and  oil  left  not  the  leaft  impreffion.  I fent 
the  fhock  alfo  over  a piece  of  paper  un- 
equally painted  with  purple  brown,  and  the 
paper  was  torn  where  the  paint  laid  very 
thin,  but  remained  unhurt  where  the  paint 
was  evidently  thicker.  Thefe  experiments 
. I repeated  feveral  times,  and  with  fome 
littfe  variation,  which  naturally  produced 

fuch  parts  of  the  mails  which  were  covered  with 
lamp-black,  and  tar,  or  painted  with  lamp-black  and 
oil,  without  the  leaft  injury,  at  the  fame  time  that  it 
has  fhivered  the  uncoated  parts,  in  fuch  a manner  as 
to  render  the  mails  ufelefs.  For  a particular  account 
of  fuch  facts,  fee  the  Phil.  Tranf.  vol.  XLV1II.  and 
LXVII. 


different 


^Electricity,  63 

different  effects ; however,  they  all  feem  to 
point  out  the  following  propofition. 

I.  A coat  of  oil  paint,  over  any  fubftance, 
defends  it  from  the  effects  of  fuch  an  elec- 
tric fhock,  as  would  otherwife  injure  it;  but 
by  no  means  defends  it  from  any  eleCtric 
fhock  whatever.  II.  No  one  colour  feems 
preferable  to  the  others,  if  they  are  equal  in 
fubftance,  and  equally  well  mixed  with  oil ; 
but  a thick  coating  does  certainly  afford  a 
better  defence  than  a thinner  one. 

By  rubbing  the  above-mentioned  pieces 
of  paper,  I find  that  the  paper  painted  with 
lamp-black  and  oil  is  more  eafily  excited,  and 
acquires  a ftronger  Electricity,  than  the 
papers  painted  with  the  other  colours;  and 
perhaps  on  this  account  it  maybe,  that  lamp- 
black and  oil  might  refift  the  fhock  fome- 
what  better  than  the  other  paints. 

It  is  remarkable,  that  vermilion  re- 
ceives the  black  impreflion,  when  painted 
with  linfeed-oil,  nearly  as  well  as  when 
painted  with  wrater.  The  paper  painted 
with  white  lead  and  oil,  receives  alfo  a 
* black 
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black  mark ; but  its  nature  is  very  lingular* 
The  track,  when  firft  made,  is  almoft  as 
dark  as  that  marked  on  white  lead,  painted 
with  water,  but  it  gradually  lofes  its  black- 
nefs,  and  in  about  one  hour’s  time  (or 
longer,  if  the  paint  is  not  frefh)  it  appears 
without  any  darknefsj  and  when  the  paint- 
ed paper  is  laid  in  a proper  light,  appears 
only  marked  with  a colourlefs  track,  as  if 
made  by  a finger  nail,  I fent  the  Ihock 
alfo  over  a piece  of  board,  which  had  been 
painted  with  white  lead  and  oil  about  four 
years  before,  and  the  explofion  marked  the 
black  track  upon  this  alfo;  this  track  how- 
ever was  not  fo  ftrong,  nor  vanifhed  fo  foon 
as  that  marked  upon  the  painted  paper,  but 
in  about  two  days  time  it  alfo  vanifhed  in- 
tirely  • 


CHAP. 
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CHAP.  VI. 


Promifcuous  Experiments . 

Bferving  that  a ftrong  fpark  may  be 


obtained  from  the  metal  plate  be- 
longing to  Mr.  Volta’s  machine,  deferib- 
ed  in  the  fourth  chapter  of  this  Part,  when 
not  the  leaft  fpark  can  be  obtained  from 
the  eledtric  plate  itfelf,  I was  naturally  in- 
duced to  make  ufe  of  the  above-mentioned 
metallic  plate,  to  difeover  the  Eledlricity 
of  very  weak  eledtrics ; which  otherwife 
would  be  either  inobfervable,  or  fo  fmall  as 
not  to  permit  its  quality  to  be  afeertained. 
Accordingly  I conftrudted  feveral  fuch  plates 
of  different  lizes,  beginning  with  that  of  a 
common  metal  button  faftened  with  a flick 
of  fealing-wax  ; and  by  ufing  them,  I ob- 
tained a very  .fenfible  Eledlricity  from  the 
hairs  of  my  legs,  when  flroked,  and  of  my- 
head,  or  any  part  that  I have  tried  of  my 
body,  or  the  head  of  almoft  any  other  perfon. 


Vol«  II 
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In  this  manner  I obtain  fkch  ftrong  fparks 
from  the  back  of  a cat,  a hare’s  {kin,  a 
rabbit’s  {kin,  a piece  of  flannel,  or  of  pa- 
per, that  I can  prefently  charge  a coated 
phial  with  either  of  thofe,  and  fo  ftrongly, 
as  to  pierce  a hole  through  a card  with  its 
difcharge* 

I have  often  obferved  that,  when  ftrok- 
ing  a cat  with  one  hand,  and  holding  it 
with  the  other,  I feel  frequent  fmart  prick- 
lings  on  different  parts  of  that  hand  which 
holds  the  animal.  In  thefe  circumftances, 
very  pungent  fparks  may  be  drawn  from 
the  tips  of  the  ears  of  the  cat. 

Smooth  glafs  rubbed  with  a rabbit’s  {kin, 
dry  and  warm,  acquires,  I find,  the  negative 
Electricity ; but  if  the  Ikin  is  cold,  the  glafs 
is  excited  pofitively.  Sometimes  fmooth 
glafs  may  be  excited  negatively  with  new 
white  flannel,  clean  and  dry,  and  alfo  with 
hare’s  {kin. 

Obferving  the  ftrong  eleCtric  power  of 
new  white  flannel,  I thought  that  a piece 

of  it,  rolled  round  the  globe  of  an  electrical 

«* 

^ machine. 
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machine,  would  perhaps  give  a ftronger 
Electricity  to  the  prime  Conductor  than 
the  glafs  itfelf.  In  order  to  try  the  truth 
of  my  fuppofition,  I tied  a large  piece  of 
flannel,  dry  and  warm,  round  the  globe 
of  the  machine,  and,  for  a rubber,  I applied 
the  palm  of  my  hand ; then  turned  the 
winch,  firft  flowly,  and  afterwards  briikly ; 
but,  contrary  to  my  expectation,  the  Elec-^ 
tricity  at  the  prime  Conductor,  although 
pofitive,  was  fo  weak,  that  the  index  of  the 
quadrant  electrometer  was  not  moved  from 
its  pependicular  fituation.  Surprifed  at 
this  event,  I refolved  to  take  off  the  appara- 
tus; but  I was  more  furprifed,  when,  on 
removing  the  flannel  from  the  globe,  the 
former  appeared  fo  ftrongly  pofitive,  that  it 
darted  feveral  fparks  to  my  arm,  and  other 
contiguous  bodies,  and  the  latter  remained 
fo  ftrongly  negative,  that  the  electrometer 
upon  the  prime  Conductor  inftantly  ele- 
vated its  index  to  about  45°.  This  experi- 
ment being  feveral  times  repeated,  produced 
always  the  fame  effeCt. 

Having  had  occafion  to  coat  a ten  ounce 
phial  for  the  Leyden  experiment,  I ftuck 

F 2 the 
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the  brafs  filings  on  the  infide  of  it  with 
varniflh,  agreeable  to  the  directions  given 
by  fome  writers  on  Electricity.  This 
phial  remained  about  a week  unufed but  it 
-happened,  that  whilft  I was  charging  and 
difcharging  it  for  fome  experiments,  on 
making  a difcharge,  it  exploded  with  a 
greater  noife  than  ufual,  the  cork  with 
the  wire  being  at  the  fame  time  blown 
out  of  the  neck  of  it.  Being  intent  upon 
the  main  experiments  in  hand,  I omitted  to 
examine  this  phenomenon ; — I replaced 
the  cork  into  the  neck  of  the  phial,  and 
went  on  charging  and  difcharging  it  again ; 
but  it  had  not  been  charged  above  three 
or  four  times  more,  when,  on  making  a 
difcharge,  the  varnifli  that  ftuck  the  brafs 
filings  was  in  a flame,  which  burnt  the 
under  fide  of  the  cork,  and  occafioned  a 
eood  deal  of  fmoke  and  flame  to  come  out 
of  the  phial.  Some  days  after,  this  expe- 
riment was  repeated  in  the  prefence  of  three 
gentlemen,  well  verfed  in  EleClricity,  when 
the  cork  with  the  wire  was  alfo  puflied 
out  of  the  neck  of  the  phial ; but  the  var- 
nifli  was  this  lafl:  time  fo  far  burnt,  that 
the  brafs  filings  were  almofl:  all  dropped  to 

the 
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the  boftom  of  the  phial,  and  had  their  co- 
lour changed  by  the  combuftion. 

p * < t 

In  making  fome  experiments,  of  a nature 
rather  different  from  Electricity,  I acciden- 
tally obferved,  that  when  I agitated  fome 
quickfiiver  in  a glafs  tube,  hermetically 
jfealed,  and  in  whofe  cavity  the  air  was  very 
much  rarefied,  the  outfide  of  the  tube  ap- 
peared fenfibly  electrified;  its  EleCtricity 
however  was  not  conflant,  nor,  as  I firft 
thought,  in  proportion  to  the  agitation  of 
the  quickfiiver.  Being  defirous  of  afceiv 
taining  the  properties  of  fuch  tubes,  I con- 
-ftruCted  feveral  of  them,  and  by  means  of 
two  cork-ball  electrometers,  obferved  their  - 
properties ; but  as  they  all  agree  in  regard 
to  the  chief  points,  I fhall  only  deferibe 
one,  which  is  the  belt  of  them.  This 
tube  is  reprefented  by  fig.  3.  of  Plate  III. 
Its  length  is  thirty-one  inches,  and  its  dia- 
meter is  little  lefs  than  half  an  inch.,  The 
quickfiiver  in  it  may  he  about  three- 
fourths  of  an  ounce  ; and  in  order  to  ex- 
hauft  it  ot  air,  I clofed  it  while  the  quick- 
hlver  was  boiling  in  its  oppoiite  end. 


Before 
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Before  this  tube  is  ufed,  I make  it  a little 
warm,  and  clean  it ; then  holding  it  nearly 
horizontal,  I let  the  quickfllver  in  it  run 
from  one  end  of  the  tube  to  the  other,  by 
gently  and  alternately  elevating  and  de- 
prefling its  extremities.  This  operation 
immediately  renders  the  outfide  of  the  tube 
electrical,  but  with  the  following  remark- 
able property,  viz.  that  end  of  the  tube, 
where  the  quickfllver  a&ually  hands,  is  po- 
fltive,  and  all  the  remaining  part  is  nega- 
tive. If  by  elevating  this  pofitive  end  of 
the  tube  a little,  I let  the  quickfllver  run 
to  the  oppofite  end,  which  was  negative, 
then  the  former  inhantly  becomes  nega- 
tive, and  the  latter  pofitive.  The  pofitive 
end  has  always  a hronger  Electricity  than 
the  negative.  If  when  one  end  of  the  tube, 
for  inflance  A,  is  pofitive,  i.  e.  when  the 
quickfllver  is  in  it,  I do  not  take  off  that 
EleCtricity  by  touching  it ; then  on  ele- 
vating this  end  A,  fo  as  to  let  the  quick- 
filver  run  to  the  oppofite  end  B,  it  appears 
negatively  electrified  in  a very  fmall  degree. 
If  by  deprefling  it  again  it  be  rendered  po- 
fitive a fecond  time,  and  that  pofitive  Elec- 
tricity be  not  taken  off,  then,  on  elevat- 
ing 
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ing  this  end  A again,  it  appears  to  be  po- 
fitive  in  a fmall  degree  j but  if  whilft  it  is 
pofitive,  its  Electricity  be  taken  off,  then, 
on  being  elevated,  it  appears  ftrongly  ne- 
gative. 

When  about  two  inches  of  each  extre- 
mity of  this  tube  is  coated  with  tin-foil  as 
it  appears  in  the  figure,  that  coating  afiifts 
to  render  the  Electricities  at  the  extremities 
of  the  tube  more  confpicuous,  fo  that  fome- 
times  they  give  fparks  to  a Conductor 
brought  near. 

In  regard  to  the  conftrudion  of  fuch 
tubes  (which  I have  made  of  feveral  lengths, 
from  nine  to  thirty-one  inches)  it  is  ob- 
fervable,  that  fome  will  adt  very  well, 
while  others  will  hardly  acquire  any  Elec- 
tricity at  all,  even  when  they  are  made 
very  hot,  I am  not  yet  thoroughly  fatis- 
fied  in  refpedt  to  this  difference,  but  fuf- 
peft  that  the  thicknefs  of  the  glafs  is  more 
concerned,  than  any  thing  elfe ; it  appear- 
ing that  a tube,  whofe  glafs  is  about  one- 
twentieth  of  an  inch  thick,  anfwers  better 
than  either  a thicker  or  a thinner  one, 

. F 4 
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The  following  Chapters  contain  the  ac- 
count of  fome  experiments,  which  I 
made  fince  the  firft  publication  of  this 
Book ; for  which  reafon,  I deemed  pro- 
per to  relate  them  apart,  without  alter- 
ing the  preceding  chapters,  with  the  con- 
tents of  which  they  are  however  con- 
nected* 


CHAP.  VII. 

' * 

An  Account  of  fome  new  Experiments  in 
Eledlricity,  with  the  Defcription  and  Vfe 
of  two  new  Electrical  Injlruments * 

4 

i 

PRofeffor  Lichtenberg  of  Gottingen, 
fome  time  ago  made  an  experiment 
upon  the  eleCtrophorus,  an  account  of 
which  was  firft  received  in  London  towards 
the  latter  end  of  the  year  1777.  The 
phenomena  attending  the  experiment  are 
very  entertaining  and  various,  but  I do  not 
know  that  any  perfon  ever  offered  a fatis- 
faCtory-  explanation  of  them.  The  author 
himfelf,  in  his  paper  entitled  “ De  nova 
tnethodo  naturam  ac  motum  fluidi  eletlrici  in - 
‘vefigandi  Commentatio  prior f wherein  he 

gives 


^Electricity.  73 

gives  an  account  of  the  experiments,  does 
not  attempt  any  explanation  of  it;  content- 
ing himfelf  with  the  account  only  of  various 
particulars  attending  it. — In  brief,  the  ex- 
periment is  as  follows : 

The  eledlrophorus,  that  is,  a plate  of 
fome  relinous  fubllance,  as  lulphur,  rofin, 
gum-lac,  &c,  is  firft  excited,  either  by 
rubbing  or  othervvife ; then  a piece  of  me- 
tal of  any  lhape,  at  pleafure,  as  for  in- 
ftance,  a three-legged  compafs,  a piece  of 
brafs  tube,  or  the  like,  is  fet  upon  the  elec- 
trophorus,  and  to  this  piece  of  metal  fo 
placed,  a fpark  is  given,  of  the  Electricity 
contrary  to  that  of  the  plate ; this  done, 
the  piece  of  metal  is  removed,  by  means 
of  a Hick  of  fealing-wax  or  other  electric, 
and  fome  powder  of  rofin,  kept  in  a linen 
bag,  is  lhaken  upon  the  electrophorus : this 
powder  will  be  found  to  fall  about  thofe 
points  upon  the  plate,  which  the  piece  of 
metal  touched,  forming  fome  radiated  ap- 
pearances, much  like  the  common  repre- 
sentations of  liars  ; at  the  lame  time,  upon 
the  greateft  part  of  the  plate,  that  is,  be- 
sides thofe  liars,  there  is  hardly  any  powder 
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at  all.  Now,  it  is  to  be  remarked,  that  if' 
the  plate  be  excited  negatively,  and  the  fpark 
given  to  the  metal  fet  upon  it  is  pofitive,  the 
appearance  will  be  as  above-defcribed;  but 
if,  on  the  contrary,  the  plate  is  pofitive  and 
the  fpark  is  negative,  then  the  powder  of 
rofin  will  be  found  to  fall  upon  thofe  parts  of 
the  plate  which  in  the  other  cafe  it  left  un- 
covered, and  to  leave  the  liars  clean ; in 
fhort,  it  will  do  juft  the  reverfe  of  what  it 
did  in  the  other  cafe ; or,  in  other  words, 
the  powder  of  rofin  will  be  attracted  by  - 
thofe  parts  only  of  the  eleCtrophorus  which 
are  electrified  pofitively. 

* 

i 

When  I firft  obferved  thefe  phenomena, 

I thought  there  was  no  apparent  reafon  why 
the  powder  of  rofin  fhould  be  attracted  by 
thofe  parts  of  the  eleCtrophorus  which  are 
pofitively  electrified,  and  not  by  thofe  which 
are  negative.  The  two  Electricities  are 
certainly  contrary  to  one  another  3 but 
either  of  them  attracts  a non- electrified 
body.  Infilling  upon  this  confideration,  I 
thought  that  the  experiment  could  be 
explained  only  upon  the  fuppofition,  that 
the  powder  of  rofin,  on  its  falling  from  the 

linen 
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linen  bag  was  actually  eleCtrified  negatively; 
in  which  cafe  it  would  have  been  ealv  to  ac— 
count  for  the  phenomena,  upon  the  well- 
known  principle  of  bodies  contrarily  elec- 
trified attracting  each  other,  and  repelling 
one  another  when  poffefied  of  the  fame  kind 
of  EleCtricity, 

In  order  to  try  the  reality  of  my  fuppo- 
fition  by  experiments,  I infulated  a brafs 
plate  upon  a glafs  {land,  and  connected  a 
very  fenfible  electrometer  with  it ; then 
began  fhaking  the  powder  of  rofin  upon  it, 
in  the  fame  manner  as  I had  done  upon  the 
eleCtrophorus,  and  in  a few  fcconds  time 
had  the  pleafure  to  fee  the  electrometer  di- 
verge with  a very  manifefl  degree  of  nega- 
tive EleCtricity,  anfwering  my  expectations 
exaCtly.  The  explanation  of  the  ingenious 
Pr  ofefTor  Lichten  berg's  experiment, 
now  became  very  eafy  and  natural ; for  the 
powder  of  rofin  being  actually  electrified 
negatively,  could  not  be  attracted,  ex- 
cept by  thofe  parts  of  the  eleCtrophorus 
which  are  in  a contrary  ftate,  u e . electri- 
fied pofitively.  It  is  obferved,  that  powder 
of  rofin  anfwers  better  for  this  experiment 

than 
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than  the  powders  of  other  fubilances ; and 
accordingly  I find  that  this  powder,  when 
fhaken  upon  the  infulated  brafs  plate,  fhews 
a ftronger  degree  of  Eledtricity  than  the 
other  powders.  Indeed,  the  Eledtricity  of 
the  powder  of  rofin,  not  only  when  fhaken 
upon  the  brafs  plate  in  the  manner  above- 
mentioned,  but  fimply  let  fall  upon  it  from 
a piece  of  paper,  a fpoon,  &c.  is  very  great ; 
half  an  ounce  of  this  powder  being  fuffici- 
ent,  to  let  the  threads  of  the  dedtrometer 
diverge  as  much  as  they  poffioiy  cam 

1 * V 

This  difcovery  not  only  affords  an  eafy 
explanation  of  Profeffor  Lich  ten  berg's 
experiment  upon  the  eledtrophorus,  but 
fhews  a method  of  exciting  powders,  which 
has  long  been  a defideratum  in  the  fcience 
of  Eledtricity.  The  method  is  as  follows  : 
— Infulate  a metal  plate  upon  an  eledtric 
fbtnd,  and  connedt  with  it  a cork-ball 
eledtrometer ; then  the  powder  requiied  to 
be  tried,  being  held  in  a fpoon,  or  other*, 
thing,  at  about  fix  inches  above  the  plate, 
is  to  be  let  fall  gradually  upon  it.  In  this 
manner  the  Eledtricity  acquired  by  the 
powder,  being  communicated  to  the  metal 

plate, 
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plate,  and  to  the  electrometer,  is  rendered 
manifeft  by  the  divergence  of  the  threads  ; 
and  its  quality  may  be  afcertained  in  the 
ufual  manner.  See  fig.  the  4th  of  Plate  IV. 

' ■ ' - • 

It  muft  be  obferved,  that  if  the  powder 
is  of  a conducting  nature,  like  the  amal<- 
gam  of  metals,  fand,  &c.  it  muft  be  held 
in  fome  eleCtric  fubftance,  as  a glafs  phial, 
a plate  of  fealing-wax,  or  the  like.  Some- 
times the  fpoon  that  holds  the  powder  may 
be  infulated  ; in  which  cafe,  after  the  ex- 
periment, the  fpoon  will  be  found  pofleffed 
of  an  EleCtricity  contrary  to  that  of  the 
powder. 

In  performing  thefe  experiments,  care 
muft  be  had  to  render  the  powders,  and 
whatever  they  are  held  in,  as  free  from 
moifture  as  pofiible;  fometimes  it  being 
neceffary  to  make  them  very  warm,  other- 
wife  the  experiment  is  apt  to  fail.  The 
following  are  the  particulars  which  I have 
obferved  with  this  new  method,  which 
however  are  neither  numerous,  nor  often 
repeated ; but  they  may  fuffice  to  excite 

the 
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the  curiofity  of  thofe  perfons,  who  have 
leifure  and  the  opportunity  of  repeating 
them  more  at  large  and  in  a greater  va- 
riety. 

/ 

Powder  of  rofin,  whether  it  be  let  fall 
from  paper,  glafs,  or  a metal  fpoon,  elec- 
trifies the  plate  ftrongly  negative ; the 
fpoon,  if  infulated,  remaining  ftrongly  po- 
fitive.  Flower  of  fulphur  produces  the 
fame  effeCt,  but  in  a little  lefs  degree. 
Pounded  glafs,  let  fall  from  a piece  of  pa- 
per, made  dry  and  warm,  electrifies  the 
plate  negatively,  but  not  in  fo  ftrong  a de- 
gree as  rofin.  If  it  be  let  fall  from  a brafs 
cup,  it  eledtrifies  the  plate  pofitively,  but  in 
a very  fmall  degree. 

/ 

1 

Steel-filings  let  fall  either  from  a glafs 
phial  or  paper,  eleCtrify  the  plate  negative- 
ly 5 but  brafs-filings,  treated  in  the  fame 
manner,  eleCtrify  the  plate  pofitively.  The 
amalgam  of  tin-foil  and  mercury,  gun- 
powder, or  very  fine  emery,  eleCtrify  the 
plate  negatively,  when  they  are  let  fall  upon 
it  from  a glafs  phial.  Quickfilver,  from 

a glafs 
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a glafs  phial,  electrifies  the  plate  pofi- 
fcively. 

Soot  from  the  chimney,  or  the  afhes  df 
common  pit-coals  mixed  with  fmall  cin- 
ders, eleCtrify  the  plate  negatively,  when  let 
fall  from  a piece  of  paper, 

Defcription  of  the  improved  dtmofpherical 

EleEirometer . 

Fig.  the  2d  of  Plate  IV.  is  a geome- 
trical reprefentation  of  my  new  atmo- 
fpherical  electrometer,  in  its  real  fize; 
this  inftrument,  whofe  firft  hint  I received 
from  my  friend  T.  Ron  a yne,  Efq;  after 
various  trials,  I brought  to  the  prefent  Rate 
of  perfection,  as  long  ago  as  the  year  1 777 ; 
and  immediately  after,  feveral  of  them  were 
made  after  my  pattern  by  Mr.  Adams, 
philofophical  inftrument  maker,  in  Fleet 
Street.  The  great  difficulty  attending  the 
conftruCtion  of  this  inftrument,  has  long  dif- 
fuaded  my  publifhing  any  defcription  of  it ; 
nor  had  I ever  prefented  the  defcription  of  it 
to  the  Royal  Society,  if  the  obfervations  of 
feveral  of  my  friends,  who  have  ufed  it,  in 
England  and  abroad,  joined  to  my  own  re- 
peated experiments,  had  not  indifputably 

confirmed 
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confirmed  its  fuperiority  over  any  other  in* 
flrument  of  that  kind.  Its  particular  advan- 
tages are:  I.  The  fmallnefs  of  the  fize  II. 
Its  being  always  ready  for  experiments,  with- 
out fear  of  entangling  the  threads,  or  having 
an  equivocal  refult  by  the  fluggifhnefs  of 
its  motion ; III.  Its  being  not  difturbed  by 
wind  or  rain  ; IV.  Its  great  fenfibility ; and 
V.  Its  keeping  the  communicated  Eleftricity 
longer  than  any  other  Electrometer. 

The  principal  part  of  this  inflrument  is 
a glafs  tube  CDMN,  cemented  at  the 
bottom  into  the  wooden  piece  A B,  by 
which  part  the  inflrument  is  to  be  held 
when  ufed  for  the  atmofphere ; and  it  alfo 
ferves  to  fcrew  the  inflrument  into  its 
wooden  cafe  ABO,  fig.  I.  when  it  is  not 
to  be  ufed  . The  upper  part  of  the  tube 
CDMN,  is  fhaped  tapering  to  a fmaller 
extremity,  which  is  entirely  covered  with 
fealing-wax,  melted  by  heat,  and  not  dif- 

* Some  time  ago  I made  one  fo  fmall,  that  its  cafe, 
which  is  of  brafs,  meafures  only  3-J-  inches  in  length 
and  T9^  of  an  inch  in  diameter,  aud  yet  it  a£ts  exceeding 
well. 

f The  whole  cafe  of  this  electrometer  has  been  made 
alfo  of  brafs,  and  has  been  found  to  anfwer  better  than 
wood,  as  it  does  not  warp. 
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folved  in  fpirits.  Into  this  tapering  part 
a fmall  tube  is  cemented,  the  lower  extre- 
mity G of  which  being  alfo  covered  with 
fealing-wax,  projects  a fliort  way  within 
the  tube  C D M N.  Into  this  fmaller 
tube  a wire  is  cemented,  which  with  its 
lower  extremity  touches  the  flat  piece  of 
ivory  H,  fattened  to  the  tube  by  means  of 
cork ; the  upper  extremity  of  the  wire 
projects  about  a quarter  of  an  inch  above 
the  tube,  and  fcrews  into  the  brafs  cap 
E F,  which  cap  is  open  at  the  bottom,  and 
ferves  to  defend  the  waxed  part  of  the  in- 
ftrument  from  the  rain,  &c.  In  fig*  3. 
a feCtion  of  this  brafs  cap  is  reprefented,  in 
order  to  fhew  its  internal  (hape,  and  the 
manner  in  which  it  is  fere  wed  to  the  wire, 
projecting  above  the  tube  L*  The  fmall 
tube  L,  and  the  upper  extremity  of  the 
large  tube  C D M N,  appear  like  one  con- 
tinued piece,  on  account  of  the  fealing- 
wax,  which  covers  them  both.  The  co- 
nical corks  P of  this  electrometer,  which 
by  their  repulfion  fhew  the  Electricity,  &c. 
are  as  fmall  as  can  conveniently  be  made, 
and  they  are  fufpended  by  exceedingly  fine 
Vol.  II*  G filver 
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lilver  wires.  Thefe  wires  are  fhaped  in 
a ring  at  the  top,  by  which  they  hang 
very  loofely  on  the  flat  piece  of  ivory  H, 
which  has  two  holes  for  that  purpofe. 
By  this  method  of  fufpenfion,  which  is 
applicable  to  every  fort  of  electrometer, 
the  friction  is  leftened  almoft  to  nothing, 
and  thence  the  inftrument  is  fenfible  of  a 
very  fmall  degree  of  Electricity.  I M,  and 
K N,  are  two  narrow  flips  of  tin-foil, 
ftuck  to  the  infide  of  the  glafs  C D M N, 
and  communicating  with  the  wooden  bot- 
tom A B ; — they  ferve  to  convey  off  that 
EleCtricity,  which,  when  the  corks  touch 
the  glafs,  is  communicated  to  it,  and  being 
accumulated,  might  difturb  the  free  motion 
of  the  corks. 

In  regard  to  its  ufe,  this  inftrument  may 
ferve  to  obferve  the  artificial*  as  well  as  the 
atmofpherical  EleCtricity.  When  it  is  to 
be  ufed  for  artificial  EleCtricity,  this  elec- 
trometer is  fet  upon  a table  or  other  con- 
venient fupport;  then  it  is  electrified  by 
touching  the  brafs  cap  E F with  an  electri- 
fied body,  which  EleCtricity  will  fome- 

times 
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times  be  prefer ved  for  more  than  an  hour*; 
in  this  ftate,  if  any  electrified  fubftance  be 
brought  near  the  cap  E F,  the  corks  of  the 
electrometer,  by  their  converging  or  by  in- 
creafing  their  divergency,  will  fhew  the  fpe- 
cies  of  that  body's  EleCtricity. 

Before  we  proceed,  it  is  necefiary  to  re- 
mark, that  to  communicate  any  EleCtricity 
to  this  electrometer,  by  means  of  an  ex- 
cited eleCtric,  e.  g.  a piece  of  fealing-wax 
(which  we  fuppofe  as  always  negatively 
electrified)  is  not  very  readily  done  in  the 
ufual  manner,  on  account  of  the  cap  E F be- 
ing well  rounded,  and  free  from  points  or 
fharp  edges.  By  the  approach  of  the  wax,  the 
electrometer  will  be  caufed  to  diverge ; but 
as  foon  as  the  wax  is  removed,  the  wires 
immediately  collapfe.  The  beft  method  to 
eleCtrify  it,  is  to  bring  the  excited  wax  fo 
near  the  cap,  that  one  or  both  the  corks 
may  touch  the  fide  of  the  bottle  CDMN  ; 
after  which,  they  will  foon  collapfe  and  ap- 
pear uneleCtrified ; if  now  the  wax  be  re- 

* I once  made  an  electrometer  of  this  fort,  which 
could  remain  eledtrified  for  above  12  hours,  and  that  in 
a room  without  fire. 
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moved,  they  will  again  diverge,,  and  remain 
eledrified  poiitively* 

In  this  operation,  the  wax  does  not  im- 
part any  of  its  Eledricity  to  the  electro- 
meter, but  only  ads  by  means  of  its  at- 
mofphere,  viz . when  the  excited  wax  is  firft 
brought  near  the  brals  cap  E F,  (agreeable 
to  the  well-known  law  of  Eledricity, 
and  according  to  Dr.  Franklin’s  hypo- 
thefis)  it  determines  the  eledric  fluid 
naturally  belonging  to  the  corks,  towards 
the  cap ; hence  the  corks  repel  each  other* 
Now,  if  in  this  ftate  they  touch  the  fides  of 
the  glafs  C D M N,  they  acquire  from  it  a 
quantity  of  eledric  fluid  equal  to  that 
which,  by  the  adion  of  the  excited  wax* 
was  driven  towards  the  cap  ; confequently 
they  collapfe,,  and  appear  uneledrified* 
Notwithilanding  this  appearance,  the  cap 
is  adually  overcharged ; fo  that  when  the 
wax  is  removed,  the  overplus  of  the  eledric 
fluid,  which  the  corks  had  acquired  from 
the  glafs  and  tin-foil  ftuck  upon  it,  and 
which  was  crowded  upon  the  cap,  on  ac- 
count of  the  negative  atmofphere  of  the  wax* 
now  diftufes  itfelf  equally  through  the  cap* 
c the 


en  Electricity.  85 

the  wires,  the  corks,  &c.  and  therefore  the 
corks  repel  each  other  with  pofitive  Elec- 
tricity. j; 

If,  inftead  of  the  fealing-wax  excited  ne- 
gatively,  an  eleCtric  pofiefled  of  poiitive 
Electricity  be  ufed,  the  electrometer  ac- 
quires the  negative  Electricity,  and  the  ex- 
planation, ?nutatis  mutandis , is  the  fame  as 
above. 

By  confidering  this  remark  it  will  ap- 
pear, that  when  this  electrometer  is  electri- 
fied either  pofitively  or  negatively,  and  an 
electrified  body  be  brought  towards  the 
brafs  cap,  the  EleClricity  of  that  body  will 
he  of  the  fame  kind  with  that  of  the  elec- 
trometer, if  the  corks  increafe  their  diver- 
gency ; but  it  will  be  of  the  contrary  kind, 
if  the  corks  approach  one  another. 

When  this  inftrument,  is  to  be  ufed  to 
try  the  EleCtricity  of  the  fogs,  the  air,  the 
clouds,  &c.  the  obferver  is  to  do  nothing 
more  than  to  unfcrew  it  from  its  cafe,  and, 
holding  it  by  the  bottom  A B,  to  prefen t it 
to  the  opep  air,  a little  above  his  head,  fo 
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that  he  may  conveniently  fee  the  corks  P, 
which  will  immediately  diverge  if  there  be 
any  fufticient  quantity  of  Electricity;  whofe 
nature,  i.  e.  whether  pofitive  or  negative, 
may  be  afcertained  by  bringing  an  excited 
piece  of  fealing-wax,  or  other  eleCtric,  to- 
wards the  brafs  cap  E F. 

It  is  perhaps  unneceflary  to  remark,  that 
this  obfervation  mu  ft  be  made  in  an  open 
place^  as  the  roads  out  of  town,  the  fields, 
the  top  of  a houfe,  &c. 

In  the  roads  between  Iflington  and  Lon- 
don, I have  often  made  ufe  of  this  inftru- 
ment:  by  which  I have  confirmed  the  obfer- 
vations  of  Thomas  Ronayne,  Efq;  who 
firft  difcovered  the  Electricity  of  the  fogs,  as 
teftified  by  a paper  of  his  publifhed  in  the 
Phil.  TranfaCtions ; and  who  has  remark- 
ed, that  a fog  is  very  rarely  not  electrified, 
but  in  frefty  weather  the  air  is  conftantly 
electrified. 

Promiscuous  Experiments . 

Having  had  frequent  occafion  to  obferve 
how  difficult  it  is  to  deprive  fealing-wax 

of 
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of  its  EleCtricity  entirely,  after  it  has  been 
well  excited,  I had  the  curio fity  to  try 
whether  water  could  effeCt  it ; in  order  to 
that,  I tied  a flick  of  fealing-wax  to  a 
filk  firing,  about  a yard  long,  and  after 
having  excited  it  very  powerfully  with  flan- 
nel, I plunged  it  in  a tin  veflel  full  of  wa- 
ter, and  immediately  drawing  it  out,  brought 
a very  fenfible  electrometer  near  it,  and  ob- 
ferved,  that  at  firft  it  fhewed  no-fign  of 
EleClricity,  but  in  about  half  a minute’s 
time  it  manifefted  a fmall,  but  very  fenfible 
degree  of  negative  EleCtricity.  A glafs  tube 
treated  in  the  fame  manner,  was  deprived  of 
all  its  EleCtricity  by  the  water. 


I have  often  remarked,  that  after  having 
excited  a glafs  tube  with  the  amalgamed 
rubber,  in  the  ufual  manner,  the  part  of  it 
which  had  been  under  my  hand  was  nega- 
tive. This  minus  ftate  was  ftill  more  con- 
fpicuous,  when  I grafped  with  my  hand 
the  part  next  above,  viz.  part  of  that 
which  had  been  excited  pofitively  by  rub- 
bing. In  the  fame  manner,  when  I excite 
a flick  of  fealing-wax  by  rubbing  it  with 
flannel,  I often  find,  that  the  part  of  it 
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which  I have  held  with  my  hand  is  in  a 
contrary  ftate  of  Electricity,  viz.  pofitive. 

Being  defirous  of  trying  the  conducting 
power  of  the  effluvia  of  burning  bodies,  in 
a manner  more  fatisfaCtory  than  it  had 
hitherto  been  done,  I contrived  an  inftru- 
ment  for  that  purpofe,  which  is  repre- 
fented  in  fig.  5 The  handle  of  it,  A B, 
is  a glafs  tube,  into  the  extremity  B of 
which,  a wire  E I,  and  a fmaller  glafs 
tube  B C,  are  cemented  by  means  of  feal- 
ing-wax*  From  the  extremity  of  this 
fmail  tube,  another  wire  G F proceeds, 
which,  as  well  as  the  wire  E I,  is  bent  at 
top,  fo  that  the  extremities  of  both  wires 
E F may  be  about  one-tenth  of  an  inch 
from  one  another.  G FI  is  a fmail  wrire, 
fattened  to  the  wire  F G,  and  to  the  extre- 
mity of  the  handle,  fo  that  when  the  in- 
ftrument  is  held  in  one’s  hand,  this  wire 
touches  the  hand.  K is  a fmail  cork-ball 
electrometer,  which,  when  the  inttrument 
is  to  be  ufed,  is  affixed  to  the  pin  D,  which 
proceeds  from  the  wire  I E.  When  ex- 

# This  fig.  is  half  the  real  fize  of  the  inftrument. 
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periments  are  to  be  tried  with  this  inftru- 
ment,  the  electrometer  K muft  be  affixed  to 
the  pin  D,  and  muft  be  electrified  fo  that  the 
cork-balls  may  diverge  as  far  as  poffible  ; 
this  done,  the  extremities  E F of  the  wires 
are  brought  within  the  effluvia  that  are  to 
be  tried,  which,  if  they  are  of  a good  con- 
ducting nature,  will  complete  the  commu- 
nication between  the  two  wires  E F,  and 
difcharge  the  electrometer  of  its  Electri- 
city ; otherwife  the  electrometer  will  remain 
electrified  for  a confiderable  time.  The  ex- 
periments which  I made  with  this  inftru- 
ment  are  neither  numerous,  nor  fo  often  re- 
peated, as  to  be  depended  upon ; excepting 
one  only,  which  perhaps  it  will  not  be  ufe- 
lefs  to  mention : I found  that  the  fumes 
arifing  by  the  action  of  a lens  from  the  amal- 
gam of  tin-foil  and  mercury,  conducted  fo 
badly,  that  the  electrometer  loft  its  Elec- 
tricity in  a time  very  little  lefs  than  is  re- 
quired without  any  fumes  whatever. 
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CHAP.  VIII. 

Experiments  concerning  the  Effects  of  Elettri* 

city  in  Vacuo . 

BEFORE  we  begin  with  the  narration 
of  the  experiments  made  with  a view 
of  afcertaining  the  effects  of  EleCtriclty  in 
vacuo,  it  will  be  proper  to  mention  the  flate 
of  knowledge  relating  to  eleCtric  attraction 
and  repulfion/  conducting  power,  and  the 
appearance  of  eleCtric  light  in  vacuo. 

j 

The  inquifitive  Mr.  Boyle,  towards  the 
latter  end  of  the  laft  century,  obferved,  that 
excited  eleCtrics  would  attraCt  in  the  vacuum 
of  his  air  pump;  in  confequence  of  which 
he  concluded,  that  the  prefence  or  abfence 
of  air  did  not  interfere  with  eleCtric  attrac- 
tion.. In  the  beginning  of  the  prefent  cen- 
tury Mr.  Grey  repeated  Mr.  Boyle’s  ex- 
periments, and,  like  him,  found  that  elec- 
trics would  attraCt  at  nearly  the  fame  dis- 
tance in  vacuo  as  in  air.  He  likewife 
made  feme  other  experiments  in  vacuo, 

concerning 
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concerning  electric  attra&ion  and  repulfion, 
from  which  the  fame  dedu&ions  could  be 
inferred.  After  Mr.  Grey  divers  other 
ingenious  perfons  repeated  fuch-like  expe- 
riments, and  came  to  very  nearly  the  fame 
conclufion ; but  F.  Beccaria  feems  to 
have  been  the  firft  perfon  who  aflerted,  that 
in  a perfect  vacuum  there  is  no  electric  at- 
traction, and  his  aflfertion  is  certainly  true. 

As  for  the  eledtric  light  in  vacuo,  nume- 
rous obfervations  concerning  its  diffu  Ability 
and  various  fhades  of  its  colours  in  a moderate 
degree  of  exhauftion,  have  been  made  with 
fufficient  accuracy  by  Mr.  Hauksbee, 
Mr.  du  Fay,  Abbe  Nollet,  F.  Becca- 
ria, and  others,  who  likewife  obferved  that 
the  vacuum  was  a conductor  of  eledtricity ; 
but  it  is  related  by  Dr.  Priestley,  in  his 
firft  volume  of  experiments  and  obferva- 
tions on  different  forts  of  permanently  elec- 
tric fluids,  that  Mr.  Walsh,  affifted  by 
Mr.  de  Luc,  having  made  a double  ba- 
rometer, in  which  the  quickfilver  had  been 
accurately  boiled  fo  as  to  expel  all  the  air 
from  the  tube,  found  that  the  vacuum  in 
the  arched  part  of  this  double  barometer 
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was  not  a conductor  of  Electricity,  nor  any 
eledlric  light  could  be  feen  in  it.'  This  re- 
markable dilcovery  was  lately  confirmed  by 
fome  ingenious  experiments  of  Mr.  Mor- 
gan, defcribed  in  the  75th  vol.  of  the  Phil. 
Tranf.  $ but  my  experiments,  which  are  re^ 
fated  in  this  chapter,  were  made  not  with  a 
torricellian  vacuum,  but  with  an  excellent 
air-pump,  a defcription  of  which  is  to  be 
found  in  the  Phil.  Tranf.  vol.  73d 

Experiment  I. 

In  a glafs  receiver,  of  fix  inches  diameter 
and  nine  inches  in  height,  having  a brafs 
cap,  a brafs  wife  of  \ of  an  inch  in  diameter 
was  fixed  to  its  cap,  and  proceeding  through 
the  middle  of  the  receiver,  its  lower  extre- 
mity was  five  inches  diftant  from  the  aper- 
ture of  the  receiver,  and  of  courfe  of  the 
plate  of  the  air-pump,  when  the  receiver 
was  placed  upon  it.  A fine  linen  thread 
was  fattened  towards  the  top  of  the  wire,  and 
about  four  inches  of  it  hanged  freely  along 
the  brafs  wire,  and  almoft  in  contadt  with  it. 

* An  account  of  thofe  experiments  was  read  at  the 
Royal  Society  in  November-1784* 

The 
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The  extremity  of  the  wire,  which  pafling 
through  the  brafs  cap  projected  out  of  the 
receiver,  was  furnifhed  with  a ball.  Thus 
prepared,  the  receiver  was  placed  upon  the 
plate  of  the  pump,  without  any  leather,  or 
any  thing  elfe  belides  a little  oil  on  its  out- 
lide  edge,  which  muft  be  always  underftcod 
in  all  the  other  experiments  related  in  the 
courfe  of  this  chapter.  Then  the  exhauf- 
tion  was  commenced,  and  at  intervals  fome 
BleCtricity  was  communicated,  either  by  the 
approach  of  the  Conductor  of  an  eleCtrical 
machine,  or  the  knob  of  acharged  jar,  to  the 
brafs  ball  of  the  wire,  in  order  to  obferve  the 
quantity  of  the  repulfion  of  the  thread  from 
the  wire  in  different  degrees  of  rarefaction, 
WThich  degrees  were  afcertained  by  the  fhort 
barometrical  gage.  Proceeding  in  this  man- 
ner, it  was  obferved,  that  till  the  rarefaction 
did  not  exceed  one  hundred,  to  wit,  till  the 
air  remaining  within  the  receiver  was  not 
lefs  than  the  hundredth  part  of  the  original 
quantity,  whenever  the  Electricity  was  com- 
municated to  the  brafs  ball,  the  thread  firft 
adhered  to  the  wire,  and  then  was  repelled 
by  it  y though  this  repulfion  became  fmailer 
and  fmailer,  according  as  the  exhalation 


came 
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came  nearer  to  the  above-mentioned  degree. 
The  clinging  of  the  thread  to  the  wire  firft, 
was  becaufe,  being  dry,  it  required  fome  time 
before  it  acquired  a fufficient  quantity  of 
Electricity  from  the  wire,  and  confequently 
it  was  not  immediately  repelled.  When  the 
air  within  the  receiver  was  exhaufted  above 
one  hundred  times,  the  thread  was  not  firft 
attracted  and  then  repelled  as  before,  but 
only  vibrated  a little  backwards  and  for- 
wards, and  then  remained  in  the  lituation  in 
which  it  flood  when  EleCtricity  was  not 
concerned.  By  exhaufting  the  receiver  ftill 
farther,  the  vibration  of  the  thread  when 
electrified  was  gradually  diminiflied ; fo  that 
when  the  degree  of  rarefaction  was  above 
five  hundred,  fparks  and  the  difeharge  of  a 
jar  only  made  the  thread  vibrate  in  a man- 
ner juft  fenfiblej  but  this  vibration,  however 
fmall,  did  never  become  quite  infenfible, 
even  when  the  receiver  was  exhaufted  to  the 
utmoft  power  of  the  pump,  which  was  very 
near  one  thoufand.  After  this  the  air  was  gra- 
dually admitted  into  the  receiver,  and  at  va- 
rious intervals  the  ball  of  the  brafs  wire  was 
electrified,  in  order  to  obferve  whether  the 
fame  phenomena  appeared  at  the  different 

^ * degrees 
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degrees  of  exhauftion  as  had  done  before ; 
and  they  were  found  to  agree  with  fufficient 
exa&nefs. 

Experiment  II. 

t 

The  brafs  wire  within  the  fame  glafs  re- 
ceiver was  made  very  fhort,  and  from  its  ex- 
tremity, a fine  linen  thread,  fix  inches  long, 
was  fufpended ; and  upon  the  plate  of  the 
pump  a fmall  brafs  (land  with  a brafs  pillar 
was  placed;  fo  that  when  the  receiver  was 
put  upon  the  plate,  and  over  the  brafs  ftand, 
about  one  inch  length  of  the  thread  flood 
parallel  to,  and  at  various  required  diftances 
from,  the  brals  pillar  In  this  difpolition 
of  the  apparatus,  whenever  any  the  leaft 
quantity  of  Electricity  was  communicated 
to  the  knob  of  the  brafs  wire,  the  thread  was 
immediately  attracted  by  the  brafs  pillar,  and 
adhered  to  it  fome  time,  becaufe,  being  dry, 
it  did  not  immediately  part  with  the  acquired 
Electricity.  At  various  degrees  of  exhauftion, 
the  electricity  being  communicated  to  the 
brafs  ball  of  the  wire,  it  was  found,  that  the 

# T.  his  diftance  was  altered  by  turning  the  brafs  wire 
which  palled  through  a collar  of  leather  in  the  brafs  cap 
of  the  receiver. 


thread 
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thread  was  always  attracted  by  the  brafs 
pillar,  though  from  a greater  or  lefs  diftance, 
according  as  a greater  or  lefs  quantity  of  air 
remained  within  the  receiver.  Thus  when 
the  air  was  rarefied  about  one  hundred  times, 
the  thread  was  attracted  from  about  one 
inch  ; when  the  air  was  rarefied  two  hun- 
dred times,  it  was  attracted  from  about  -f  of 
an  inch ; when  the  air  was  rarefied  three 
hundred  times,  it  was  attracted  from  about 
is  •,  and  after  this  it  was  always  at  trailed 
from  about  one-twentieth,even  when  the  air 
within  the  receiver  was  rarefied  about  one 
thoufand  times.  It  is  remarkable,  that  when 
the  an  in  the  receiver  is  rarefied  about  three 
hundred  times,  if  a jar  be  difcharged  through 
the  vacuum,  by  touching  the  ball  of  the  wire 
on  the  receiver  with  its  knob,  the  thread 
is  not  in  confequence  of  it  attracted  by  the 
brafs  pillar ; the  reafon  of  which  feems  to 
be,  becaufe  that  large  quantity  of  EleCtriqity 
opens  at  once  a way  through  the  vacuum, 
and  pafies  through  every  part  of  it;  where- 
as a imall  quantity  of  Electricity,  even  the 
ailion  of  a fmall  eleCtrical  machine  in  the 
fame  room,  at  no  very  great  diftance  from  the 

apparatus, 

V * 
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apparatus,  will  caufe  the  thread  being  at- 
tracted by  the  brafs  pillar. 

Experiment  III. 

The  brafs  Hand,  with  the  pillar,  and  the 
thread  which  proceeded  from  the  wire,  being 
removed  from  under  the  receiver,  a very  fen- 
fible  electrometer  was  fattened,  inftead  of  the 
thread,  to  the  extremity  of  the  brafs  wire. 
This  electrometer  confided  of  two  very  fine 
filver  wires,  each  about  one  inch  long,  and 
having  a fmall  cone  of  cork  at  its  extremi- 
ty. The^fenfibility  of  fuch  an  electrometer 
is  really  furprifing ; for  even  the  EleCtricity 
of  a fingle  hair  excited,  does  fenfibly  affeCt 
it ; and,  as  its  fufpenfion  is  almoft  without 
any  friction  or  other  impediment,  it  never 
deceives  one  by  appearing  to  be  electrified 
when  in  reality  it  is  not  fo.  With  this 
preparation,  the  receiver  being  placed  upon 
the  plate  of  the  air-pump,  the  air  was  gra- 
dually exhaXafted,  and  at  intervals  fome 
EleCtricity  was  communicated  to  the  ball 
on  the  outfide  of  the  receiver,  either  by  an 
excited  eleCtric  or  by  a charged  jar,  and  it 
was  found  that  the  corks  of  the  eleCtrome- 
VOL.  II,  H 
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ter  were  always  made  to  diverge  by  it,  even 

when  the  air  was  exhaufted  as  much  as 
poffible.  Indeed  their  divergency  was  fmall- 
er  and  fmaller,  and  lafted  a fhorter  time,  ac- 
cording as  the  air  was  more  exhaufted,  but 
it  was  vifible  to  the  laft. 

• i * ' 

In  this  experiment,  analogous  to  what  has 
been  obferved  in  the  preceding,  when  the 
air  was  exhaufted  above  three  hundred 
times,  if  a jar  was  difcharged  through  the 
vacuum,  or  a ftrong  fpark  was  given  to  the 
knob  on  the  top  of  the  receiver,  the  corks  of 
the  electrometer  diverged  very  little  indeed, 
and  but  for  an  inftant ; whereas  a fmall 
quantity  of  EleCtricity  made  them  diverge 
more,  and  remain  much  longer  in  that  ftate. 

It  feems  deduciblefrom  thofe  experiments, 
that  electric  attraction  and  repulfion  take 
place  in  every  degree  of  rarefaction,  from 
the  loweft  to  about  one  thoufand,  but  that 
the  efteCt  diminifhes,  in  proportion  as  the 
air  is  more  and  more  rarefied;  and  by  fol- 
lowing this  low,  we  may  perhaps  conclude 
with  F.  Beccaria,  that  there  is  no  elec- 
tric attraction  nor  repulfton  in  a perfect  va- 
cuum : 
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cuum  : though  this  will  perhaps  be  impof- 
fible  to  be  verified  experimentally,  becaufe 
when  in  an  exhaufted  receiver  no  attradion 
or  repulfion  is  obferved  between  bodies  to 
which  Eledricity  is  communicated,  it  will 
be  only  fufpeded,  that  thofe  bodies  are  not 
fufficiently  fmall  and  light.  But  if  we  con- 
fult  reafon,  and  which  alone  ought  to  aflift 
us  when  decifive  experiments  are  not  prac- 
ticable, it  feems  likely  that  eledric  attrac- 
tion and  repulfion  cannot  take  place  in  a 
perfed  vacuum,  by  which  I only  mean  a 
perfed  abfence  of  air.  For  either  this 
vacuum  is  a Condudoror  a Non-condudor 
of  Eledricity ; if  a Condudor,  and  as  much 
nearer  to  perfedion  as  it  becomes  more  free 
from  air,  it  muft  be  a perfed  Condudor  at 
the  fame  time  that  it  becomes  a perfed  va^ 
cuum,  in  which  cafe  eledric  attradion  or 
repulfion  cannot  take  place  amongft  bodies 
inclofed  in  it;  for,  according  to  every  notion 
we  have  of  Eledricity,  thofe  motions  indi- 
cate or  are  the  confequence  of  the  interven- 
ing fpace  in  fome  meafure  obftruding  the 
free  paflage  of  the  eledric  fluid.  And  if  the 
perfed  vacuum  is  a perfed  Non-condudor, 
then  neither  eledric  attradion  nor  repulfion 
can  happen  in  it. 

H 2 
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Experiment  IV. 

In  my  former  experiments  having  always 
obferved  the  eledtric  light  in  the  receiver  of 
the  air-pump,  even  when  the  air  was  rare- 
fied to  the  utmoft  power  of  that  machine, 
I thought  proper  to  repeat  that  experiment 
with  receivers  ©f  various  fizes  ; and  accord- 
ingly have  ufed  receivers  of  above  two  feet 
in  height,  and  fome  of  as  large  a diameter  as 
the  plate  of  the  pump  could  admit,  which 
is  about  fourteen  inches,  but  the  light  in  it 
was  always  vifible,  only  with  different  co* 
lours  in  different  degrees  of  exhauftion,  and 
always  more  diffufed  and  at  the  fame  time 
lefs  denfe  when  the  air  was  more  rarefied, 
which  feems  to  render  probable,  that,  when 
the  air  is  quite  removed  from  any  fpace,  the 
eledtric  light  is  no  longer  vifible  in  it,  as  it 
muff  have  been  the  cafe  with  the  experiment 
of  Mr.  Walsh’s  double  barometer;  for  it 
is  a maxim  very  well  eftablifhed  in  Eledtri- 
city,  that  the  eledtric  light  is  only  vifible 
when  the  eledtric  fluid,  in  pafling  from  one 

i 

body  to  another,  meets  with  fome  oppofition 
*in  its  way;  and  according  to  this  propo.fi- 
tion,  when  the  air  is  entirely  removed  from  a 
9 given 
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given  receiver,  the  ele&ric  fluid  palling 
through  that  receiver  cannot  fliew  any  light, 
becaufe  it  meets  with  no  oppofition;  but 
this  will  not  account  for  the  receiver  ever 
becoming  a Non- conductor. 

» 9 

Having  juft  mentioned,  that  according  as 
the  air  is  more  and  more  rarefied  in  a receiver,, 
fo  the  eleftric  light  becomes  gradually  more 
faint,  it  will  be  proper  to  add,  that  the  elec- 
tric light  is  more  diffufed  and  lefs  bright  in 
an  exhaufted  receiver  than  in  air:  thus, when 
the  receiver  is  not  exhaufted,  the  difcharge 
of  a jar  through  fome  part  of  it  will  appear 
like  a fmall  globule  exceedingly  bright,  but 
when  the  receiver  is  exhaufted,  the  difcharge 
of  the  fame  jar  will  fill  the  whole  receiver 
with  a very  faint  light ; whereas  fome  per- 
fons,  by  feeing  the  whole  receiver  illumin- 
ated, are  apt  to  fay  that  the  light  of  Elec- 
tricity is  rendered  ftronger  and  greater  by 
the  exhauftion. 

# 

\ 

Experiment  V. 

It  is  mentioned  by  Mr.  Nairne,  in  the 
6yth  vol.  of  the  Philof.  Tranf.  that  having 

II  3 Put 
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put  a piece  of  leather,  juft  as  it  comes  from 
the  leather-fellers,  into  the  receiver  of  an  air-? 
pump,  and  afterwards  having  rarefied  the  air 
in  it  one  hundred  and  forty-eight  times,  the 
eledtric  light  appeared  very  faint  in  it; 
whereas,  without  the  leather,  and  even  when 
the  air  was  much  more  rarefied,  the  light  of 
the  eledtric  fluid,  when  made  to  pafs  through 
the  receiver,  was  much  more  apparent.  In 
confequence  of  this  obfervation,  I fufpedt- 
ed  that  a little  moifture  in  the  receiver, 
or  fome  other  effluvia  of  fubftances,  might 
perhaps  prevent  the  appearance  of  the  elec- 
tric light  in  rarefied  air,  and  with  this  view 
I began  to  put  various  fubftances  fucceffively 
into  the  receiver,  and  after  rarefying  the  air 
by  working  the  pump,  fome  eledtric  fluid 
was  made  to  pafs  through  the  receiver. 

\ 

When  a piece  of  moift  leather  was  put 
into  the  receiver  the  air  could  not  be  rarefi- 
ed above  one  hundred  times,  and  the  eledtric 
light  appeared  divided  into  a great  many 
branches ; though  at  the  fame  time  another 
fort  of  faint  light  filled  up  the  whole  cavity 
of  the  receiver,. 

i 

When  a linen  fag,  moiftened  with  a mix- 
* ture 
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ture  of  fpirit  of  wine  and  water,  was  put  into 
the  receiver,  the  pump  could  not  exhauft 
above  forty  times,  and  the  light  of  Eledtri- 
city  appeared  divided  into  many  branches. 

A wine-glafs  full  of  olive  oil  placed  un- 
der the  receiver,  prevented  very  little  the  ex- 
hauftion  of  the  pump,  the  air  being  rarefi- 
ed above  four  hundred  times.  The  eledric 
light  appeared  exadly  as  it  ufuaily  does  in 
the  fame  degree  of  rarefadion  when  no  oil  is 
under  the  receiver,  viz.  a uniform  faint 
light  inclining  to  purple  or  red, 

4 

f 

Concentrated  vitriolic  acid  placed  in  a 
glafs  under  the  receiver,  produced  no  parti- 
cular effeft.  As  for  the  other  mineral  acids, 
they  were  not  tried,  becaufe,  being  volatile, 
they  would  have  damaged  the  pump. 

Dry  folids,  that  had  a confiderable  finell, 
as  fulphur,  aromatic  woods  previoufly  made 
very  dry,  and  fome  refins,  produced  no  par- 
ticular e fifeft,  any  more  than  fome  of  them 
prevented  a very  great  degree  of  exhauftion, 
owing  to  forne  moifture  which  ftill  adhered 
to  them. 

H 4 
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From  thefe  experiments  it  appears,  firft, 
that  in  the  utmoft  rarefaction  that  can  be 
effected  by  the  belt  air-pump,  which  amounts 
to  about  one  thoufand,  both  the  eleCtric  light 
and  the  electric  attraction,  though  very  weak, 
are  ftill  obfervable ; but,  fecondly,  that  the  at- 
traction and  repulfion  of  EleCtricity  become 
weaker  in  proportion  as  the  air  is  more  ra- 
refied, and  in  the  fame  manner  the  intenlity 
of  the  light  is  gradually  diminifhed.  Now 
by  reafoning  on  this  analogy  we  may  con- 
clude, that  both  the  attraction  and  the  light 
will  ceafe  in  a perfect  abfence  of  air ; but 
this  will  never  account  for  this  perfeCt  vacu- 
um ever  becoming  a Non-conduCtor  of  Elec- 
tricity ; for  fince  the  eleCtric  fluid  is  very 
elaftic,  and  expands  itfelf  with  more  and 
more  freedom  in  proportion  as  the  refiftance 
of  the  air  is  removed,  it  feems  unnatural  that 
it  fhould  be  incapable  of  pervading  a perfeCt 
vacuum  : however,  the  faCt  feems  to  be  fully 
alcertained  by  Mr.  Walsh  and  Mr.  Mor- 
gan, and  the  only  thing  that  remains  to  be 
done  is  to  inveftigate  the  caufe  of  fo  re- 
markable a property* 
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THE  PRACTICE  OF  MEDICAL 
ELECTRICITY. 


HE  wonderful  effects  of  that  un- 


known caufe  generally  named  Elec- 
tricity, foon  after  the  difcovery  of  the 
eledrical  machines,  were  applied  as  a re- 

t 

medy  for  various  diforders  incident  to  the 
human  body.  The  firft  hints  of  this  ap- 
plication, feem  to  have  been  fuggefted  by 
obferving  the  effeds  produced  upon  thofe 
perfons  that  were  eledrified  for  curiofity ; 
who  being  generally  afraid  of  that  extraor- 
dinary power,  attributed  entirely  to  it  all 
thofe  effeds,  which  might  in  great  meafure 
have  been  attributed  to  fear  and  apprehen- 
fion  : fuch  were  an  increafed  perfpiration, 
heat,  increafe  of  pulfation,  &c.  The  num- 
ber of  patients  that  were  eledrified  at  that 
time  is  prodigious,  and  the  pretended  cures 
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effected  by  it  we^e  wonderful  indeed.  Ac- 
counts of  thofe  miracles  performed  by  Elec- 
tricity, were  publifhed  in  various  parts  of 
Europe,  together  with  the  methods  of  elec- 
trifying the  patients  ; to  which  were  added, 
fuch  theories  as,  allowance  being  made  for 
the  infancy  of  Electricity  at  that  time,  would 
feem  impoffible  ever  to  have  been  propofed 
to  the  public.  Thofe  theories  were  ufually 
enforced  by  the  account  of  experiments, 
which  often  proved  falfe  upon  examination 
Indeed,  if  electrical  machines  could  not  be 
procured  at  prefent,  we  could  hardly  enter- 
tain any  doubt  concerning  the  veracity  of 
thofe  accounts,  which  had  all  the  appearance 
of  authenticity.  But  at  prefent  a much 
better  acquaintance  with  the  fcience  of  Elec- 
tricity, than  philofophers  had  about  thirty 
or  forty  years  ago,  and  lefs  faith  in  the  ac- 
counts of  the  generality  of  thofe  perfons, 
whofe  intereft  it  is  to  promote  the  ule  of 
Electricity  in  medicine  ; has  pointed  out 
the  effefts  of  that  power  upon  the  human 
body,  in  various  circumftances,  and  has 

* The  medicated  cylinders  for  electrical  machines, 
are  a remarkable  inftance  of  this  kind.  See  Dr. 
Priestley’s  Hiilory  of  EieCtricitv. 
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lliewn  how  far  we  may  confide  in  it;  efta- 
blifhing,  upon  indifputable  fails,  that  the 
power  of  Electricity  is  neither  that  admi- 
rable panacea  it  was  confidered  by  fome 
fanatical  and  interefted  perfens,  nor  fo  ufelefs 
an  application  as  others  have  afferted;  but 
that,  when  properly  managed,  it  is  an 
harmlefs  remedy,  which  fometimes  inftan- 
taneoufly  removes  divers  complaints,  gene- 
rally relieves,  and  often  perfectly  cures  va- 
rious diforders,  fome  of  which  could  not  be 
removed  by  the  utmofi:  endeavours  of  phy-* 
iicians  and  furgeons. 

When  the  firfi:  rumour  occafioned  in  Eu- 
rope  by  the  accounts  of  pretended,  and  of  a 
few  real  wonders,  performed  by  means  of 
EleQricity,  had  in  fome  meafure  fubfided, 
many  creditable  and  experienced  phylicians, 
who,  juftly  confidering  it  as  their  duty,  had 
undertaken  to  examine  the  power  of  this 
new  remedy,  published  fome  uniuccefsful 
applications  of  EleCtricity  in  divers  difeafes; 
in  which  cafes,  they  had  not  only  prefcribed 
the  electrization,  but  the  operation  had 
been  performed  either  by  themfelves,  or 
under  their  infpeCtion.  Thefe  publications 

, gave 
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gave  a new  turn  to  the  reputation  of  medi- 
cal EleCtricity;  and  lince  that  time,  the 
generality  of  phyficians  and  furgeons  had 
not  the  lead:  regard  for  its  medical  ap- 
plication; fo  that  the  practitioners  of  it 
were  rather  confidered  as  fanatics  and 
impoftors.  However,  an  attentive  exami- 
nation of  this  fubjeCt,  after  feveral  trials,  and 
after  overcoming  in  great  meafure  the  rooted 
prejudice  amongft  phyficians,  began  toefta- 
blifh  anew  the  reputation  of  medical  Elec- 
tricity ; and  fhe\ved  that  many  applications 
of  Electricity,  publifhed  in  the  above-men- 
tioned accounts,  had  proved  unfuccefsful, 
becaule  the  operation  was  not  managed 
properly;  fo  that  it  had  been  the  abufe,  and 
not  the  ufe  of  EleCtricity,  that  had  proved 
unfuccefsful,  and  in  fome  cafes  even  detri- 
mental ; for  at  that  time,  ftrong  fhocks  and 
ftrong  fparks  were  generally  adminiftered, 
which  a long  feries  of  experiments  and 
obfervations  has  proved  to  be  generally 
ufelefs  or  hurtful.  Mr.  Lovet,  who  prac- 
tifed  medical  EleCtricity  for  a long  time, 
was,  as  far  as  I know,  the  firfl  who  protefled 
againft  the  ufe  of  ftrong  fhocks ; and  in  an 
efTay  of  his,  intitled.  Subtil  Medium  proved* 

afferts. 
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aflerts,  that  the  {hocks  to  be  ufed  in  medical 
EleCtricity  fhould  be  very  fmall ; by  which 
treatment  he  hardly  ever  failed  of  curing, 
or  at  leaft  relieving  his  patients. 

Electricity,  different  from  other,  phyfical 
applications,  requires  rather  a nicety  of  ope-  ] 
ration  than  a thorough  knowledge  of  the 
difeafe.  That  it  is  poffible  to  apply  Elec- 
tricity  properly,  without  a juft  knowledge 
of  the  diforder,  may  feem  a paradox  ; but 
it  will  be  prefently  ftiewn,  that  to  eleCtrify 
a found  part  of  the  body  together  with  the 
difeafed  one,  is  by  no  means  prejudicial, 
and  that  the  degree  of  electrization  muft 
be  regulated  rather  by  the  feeling  of  the 
patient,  than  by  the  fpecies  of  diforder; 
from  whence  it  muft  follow,  that  the  ap- 
plication of  medical  EleCtricity  may  be 
properly  managed  even  with  a fuperficial 
knowledge  of  the  diforder.  It  muft,  howe- 
ver, be  confeffed,  that  farther  experience 
may  poffibly  {hew  much  eafier  and  more 
certain  methods  of  applying  it  differently 

for  different  difeafes ; and  therefore  it  is 

* * 

more  likely  that  medical  Electricity  will 
receive  improvements  in  the  hands  of  fkilful 

phyficians 


no  ^Complete  Treatise 

phyficians  or  furgeons,  than  when  managed, 
by  ignorant  perfons,  whofe  fuccefs  is  en- 
tirely trufted  to  chance. 

• i 

The  fuperiority  of  Electricity  over  other 
remedies,  in  many  cafes,  may  appear  from 
confidering,  that  medicines  in  general  can- 
not  always  be  confined  to  a particular  part 
of  the  body,  and  to  let  them  pafs  through 
other  parts  is  often  dangerous,  for  which 
reafon  they  cannot  be  ufed ; befides,  after 
that  thofe  medicines  have  exerted  their 
required  power,  they  are  with  great  diffi- 
culty, if  at  all,  feparated  from  the  body. 
But  it  is  of  no  confequence  whether  the 
power  of  Electricity  pafies  through  this  or 
that  other  part  of  the  body  in  order  to  come 
at  the  feat  of  the  difeafe;  and  after  having 
exerted  its  aCtion,  it  is  inftantly  difperfed  : 
hence  it  appears  why  EleCtricity  has  often 

cured  fuch  obftinate  diforders  as  have  not 

« 

X, 

yielded  to  any  other  treatment. 

Having  in  the  ninth  Chapter  of  Part  I. 
given  a fummary  view  of  the  theory  of 
EleCtricity,  I ffiall  here  only  mention  a 
few  hints,  which  may  promote  the  inveftw 

gat  ion 
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o-ation  of  the  action  of  the  ele&ric  fluid, 

t> 

efpecially  relating  to  its  chymical  aCtion ; 
viz.  if  it  adds  any  principle  to  thofe  parts 
through  which  it  paftes,  as  an  acid,  an  al- 
kali, the  inflammable  principle,  &c. — The 
obfervations -relating  to  this  point  are,  Arid, 
that  when  any  part  of  the  body  has  been 
expofed  to  the  ftream  of  electric  fluid,  it  ac- 
quires a fulphurous,  or  rather  a phofphoric 
fmell,  which  it  retains  for  a conliderable 
time.  Secondly,  when  the  ftream  of  elec- 
tric fluid,  ifiuing  from  a point,  is  directed 
towards  the  palate,  a kind  of  acid  tafte  is 
perceived.  Now  this  fmell  and  tafte  indi- 
cate, that  the  eleCtric  fluid  either  alters  the 
parts  of  the  body.  Upon  which  it  excites 
thofe  fenfations,  or  that  it  carries  along  with 
itfelf  fome  other  principle,  which  may  per- 
haps be  feparated  from  thofe  fubftances, 
through  which  this  fluid  pafles,  previous  to 
its  impinging  upon  the  body.  — Whether 
thofe  effects  may  be  increafed,  diminiftied, 
or  turned  to  any  ufe,  and  alfo  whether  they 
are  quite  indifferent  with  refpeCt  to  medical 
Electricity,  are  matters  that  require  farther 
experiments  and  confiderations;  for  nothing 
certain  has  been  yet  determined  refpedting 
them. 


In 
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In  various  experiments,  when  the  eledtric 
fpark  is  taken  in  air,  or  other  fluids,  efpeci- 
allyin  the  tindture  of  certain  flowers,  itfhews 
effedts  flmilar  to  thofe,  which  the  inflam- 
mable principle,  or  an  acid,  produces  upon 
thofe  fluids  Thefe  experiments  have  in- 
duced various  perfons  to  fuppofe,  that  the 
eledtric  fluid  is  phlogifton,  or  an  acid,  or 
elfe  a compound  of  both.  But,  confidering 
that  in  thofe  cafes  the  adtion  of  the  eledtric 
fluid  as  an  acid,  or  as  phlogifton,  is  exceed- 
ingly  fmall ; and  alfo  confidering  the  vio- 
lence with  which  it  pafles  through  the  fub- 
ftance  of  bodies,  the  furface  of  which  it 
generally  burns  or  melts  in  a fmall  degree ; 
it  feems  more  natural  to  fufpedt,  that  the 
above-mentioned  effedts  are  produced  by 
that  quantity  of  inflammable  or  acid  prin- 
ciple, which  the  violent  paflage  and  efcape 
of  the  eledtric  fluid  detaches  from  other 
bodies,  rather  than  to  confider  the  eledtric 
fluid  itfelf  to  be  an  acid,  or  the  inflammable 
principle  ; which  feems  to  be  very  unlikely 
on  various  other  accounts. 

* See  the  lafl  four  experiments  of  the  Third  Part. 
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A book  entitled  De  I’eleffricite  du  Corps 
humain,  dans  I'etat  de  j ante  et  de  maladie , par 
l' Abbe  Bertholon,  was  published  a few  years 
ago  in  France.  In  this  work,  the  author, 
Confidering  the  ufual  Electricity  of  the  atmo- 
fphere,  imagines  that  the  human  body  con- 
tinually abforbs  that  EleCtricity  from  the'air* 
and  that  this  abferption  is  made  through 
the  pores  of  the  fldn,  as  well  as  through 
the  lungs  in  the  ufual  aCt  of  refpiration ; 
and,  as  the  quantity  of  air  which  enters 
into  the  lungs  of  a man  in  the  courfe  of  one 
day,  is  by  the  author  eftimated  to  about 
1,152,000  cubic  inches,  he  thence  deduces* 
that  the  quantity  of  EleCtricity  thus  ab- 


forbed  by  the  human  body  is  aftonifhingly 
great.  The  author  fucceffively  examines 
the  influence  of  this  abforbed  Electricity 
upon  the  functions  of  the  body,  viz>  upon 
mufcular  motion,  upon  the  circulation  of 
the  blood*  upon  refpiration,  digeftion* 
fecretions,  and  even  upon  the  morals  of 
men.  He  alfo  takes  notice  of  the  Elec- 
tricity of  feveral  animals,  arid  even  mentions 
fome  qualities  of  the  air*  or  of  the  aliments, 
v\hich  are  proper  to  augment  or  diminiih 
the  Electricity  of  the  human  body.  In  the 
Vot.  II.  I application 
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application  or  thofe  principles  to  medicine, 
the  author  gives  a table  of  difeafes,  arranged 
in  fpecies  and  genera,  and  comprehended 
under  ten  clafles ; which  difeafes,  as  he  fays, 
are  cccafioned  in  great  meafure,  if  not 
wholly,  by  Electricity,  either  pofitive  or  ne- 
gative; and  which  may  be  cured  by  one  or 
the  other  of  thofe  two  eleCtrical  powers,  ac- 
cording as  the  figns  concomitant  the  dif~ 
eafe  may  indicate. 

*n'  - . 

The  Abbe  Bertholon  alfo  treats  of  the 
influence  of  atmofpherical  Electricity  upon 
the  number  of  births  or  deaths,  and  other 
tilings  of  the  like  nature. 

A perfon  verfed  in  Eledtricity,  confider- 

* i * 

• 5ng  that  the  air  next  to  the  body  of  a man, 
in  his  ufual  mode  of  living,  is  feldom  if 
ever  fenfibly  electrified,  and  alfo  that  the 
human  body  is  a ready  conductor  of  Elec- 
tricity, befides  many  other  obvious  conflder- 
ations,  mud  naturally  fufpeCt  that  the  au- 
thor of  the  above-mentioned  work  has  in- 
dulged his  fancy  perhaps  too  much. 
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C H A P.  II; 

Directions  for  the  practical  Application 
cf  Electricity  for  the  Cure  of  ‘various 
ID  if  cafes* 

OMITTING  the  defcriptiori  of  the 
electrical  machine,  and  the  manner 
of  preferving  it  in  good  order  (which 
things  are  to  be  found  in  the  firft  part  of 

O i- 

this  work)  I fhall  only  obferve,  with  re- 
fpeCt  to  the  eleCtrical  machine  in  general, 
that  its  fize  fhould  not  be  fo  fmall  as  wa$ 
thought  fufficient  fome  time  ago,  when  the 
fmalleft  machines  were  fuppofed  to  be  fuf- 
ficiently  ufeful  for  the  piirpofe.  It  is  fome- 
what  remarkable,  that  when  a fmall  power 
of  EleClricity  is  to  be  ufed*  large  machines 
fhould  be  recommended  ; whereas,  a fhort 
time  ago*  ftrong  fhocks  were  adminiftered, 
and  fmall  eleCtrical  machines  were  ufed  • 
but  it  mu  ft  be  confidered,  that  when  fhocks 
are  given,  very  fmall  eleCtrical  machines  carl 
charge  a Leyden  phial  much  ftronger  than 
required;  but  when  the  ft  ream  is  ufed, 
which  has  lately  been  found  to  be  far  more 
efficacious*  then  the  fmall  machines  are 

I * v moftly 
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moftly  ufelefs.  Probably  the  largeft  ma- 
chines will  not  be  found  to  afford  a dream 
too  ftrong  for  medical  purpofes  ; but  the 
ufeful  ones,  which  do  not  require  a great 
labour  to  be  put  in  motion,  and  may  fur- 
nidi  a dream  fufficiently  denfe,  fliould  have 
the  glafs  globe  or  cylinder  about  nine  inches 
in  diameter,  which,  with  a proportionate 
Conductor,  may  ufually  give  fparks  about 
three  inches  long.  Whether  the  rubber  of 
thefe  machines  dands  upon  a glafs  pillar  of 
not,  'viz.  whether  it  may  be  occafionally 
infulated  or  not,  feems  to  be  immaterial 
with  refpeCt  to  medical  EleCtrioity : but  as 
to  have  itfituate  upon  a glafs  pillar  is  ufeful 
for  electrical  experiments  in  general,-  and 
perhaps  it  maybe  found  hereafter,  that  ne- 
gative electrization  is  beneficial  in  fome  dif- 
order s ; a perfon  who  is  to  choofe  a new  elec- 
trical machine,  may  rather  have  the  rubber 
fixed  upon  a glafs  pillar,  than  otherwife* 
Mr,  Nairn’s  new  machine  has  every 
neceffary  advantage 

With  fuch  machines,  the  power  of  Elec- 
tricity fhould  be  fo  regulated,  as  to  apply 

* See  vol,  L p.  165. 
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every  degree  of  it  with  facility  and  rcadi- 
nefs ; beginning  with  a ftream  iffuing  out 
of  a metal  point,  next  ufing  a wooden 
point,  then  fmall  fparks,  ftronger  fparks, 
and  laftly  fmall  fliocks.  Every  one  of 
thefe  methods  may  be  increafed  or  dimi- 
niflied  confiderably,  by  a proper  manage- 
ment : thus,  by  turning  the  wheel  of  the 
machine  fwifter  or  flower,  the  ftream  of 
eleftric  fluid  may  be  regulated  according 
as  the  circumftances  -may  require.  The 
fparks  may  alfo  be  made  ftronger  or  weak- 
er, by  taking  them  at  a greater  or  Iefs  dif- 

V-V-- 

tance,  and  by  turning  the  wheel  fwifter  or 
flower  5 and  fo  of  the  reft. 

..  rr,  a ' . i • ...  ' ; •) 

It  is  impoffible  to  prefcribe  the  exaCl 
degree  of  electrization  that  muft  be  ufed 
for  various  diforders ; for  perfons  of  dif- 
ferent conftitutions,  although  afflicted  with 
the  very  fame  difeafe,  require  different  de- 
grees of  electrization.  Some  perfons  are  of 
fo  delicate  and  irritable  a conftitution,  that 
the  fmalleft  fparks  give  them  as  much  pain 
as  fhocks  do  others.  On  the  contrary, 
fome  people  can  fuffer  pretty  fevere  fhocks 
without  poiitive  pain ; and  { have  heard, 

I 3 though 
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though  never  faw  any,  of  perfons  who  were 
infenfible  of  any  eledric  power,  even  of 
coniiaerably  ftrong  fhocks. 


In  refped  to  this  important  point,  the 
operator  muft  be  certainly  inftruded  by 
experience ; however,  in  the  beginning 
he  may  be  afiifted  by  the  two  following 
rules.  Firft,  he  fhould  begin  to  admini- 
fter  to  his  patients  the  very  fmalleft  degree 
cf  eledric  power,  which  he  ought  to  con- 
tinue for  a few  days,  fo  as  to  obferve  whe- 
ther it  produces  any  good  effed,  which  if 
it  fails  to  do,  he  fhould  then  increafe  the 

J » ' ; 

ftrength  of  Eledricityj  and  fo  proceed 


gradually  till  he  finds  the  effedual  method, 
which  he  fhould  follow  without  variation, 

* x ..  • ; < .*  * 

till  the  patient  is  intirely  cured.  In  fhort, 
the  operator  fhould  always  ufe  the  fmalleft 
degree  of  eledric  power,  that  is  fufficient 
for  the  purpofe.  A little  pradic^  will 
enable  him  to  determine  at  once  what 
degree  of  Eledricity  is  required  for  his 
patient,  without  any  ufelefs  attemptSc 
Secondly,  the  degree  of  eledrization  to 

Be  adminiftered,  fhould  never  exceed  that 

; « 


which  the  patient  can  conveniently  fufferj 

\ * /*  ♦ . V . v i.  ' * 1 . i 
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experience  (hewing,  that  when  the  applica- 
tion of  any  degree  of  Eledtricity  is  very 
difagreeable  to  the  patients,  they  very  fei- 
dom  mend, 

* 

The  inftruments  which,  befides  the  elec- 
trical  machine  and  its  prime  Conductor,  are 
neceflary  for  the  admin  i fixation  of  medical 
Eledtricity,  may  be  reduced  to  three,  viz, 
an  eledtric  jar,  with  Mr,  Lane's  eledtrome- 
ter ; an  infulated  chair,  or  an  infulated  (tool, 
upon  which  a common  chair  may  be  occa-? 
fionally  fet;*and  the  directors 

Thofe  inftruments  are  delineated  ii* 
the  fifth  plate.  Fig.  1.  reprefents  the 
eledlric  jar,  with  Mr.  Lane's  electro- 
meter, and  the  manner  in  which  the  (hocks 
are  fent  through  any  particular  part  of 
the  body.  The  furface  of  the  jar,  which  is 
coated  with  tin-foil,  (hould  be  about  four 
inches  in  diameter,  and  fix  inches  high, 
which  is  equal  to  about  feventy  - three 

* V arious  other  inftrument^  ufeful  in  medical  elec- 
tricity, are  defcribed  in  divers  books,  but  thofe  mein 

tioned  above  are  fufHcient  to  anfwer  every  required 
purpofe. 

1 4 
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fquare  inches.  The  brafs  wire,  which  paf* 
fes  through  the  covering  of  the  jar  and 
touches  the  infide  coating,  has  a brafs  ball* 
F,  to  which  the  electrometer  F D E is 
fattened j and  proceeding  a little  farther  up, 
terminates  in  another  brafs  ball  B,  which 
fhould  be  fo  high  as  to  touch  the  prime 
Conductor  A,  which  is  fuppofed  to  fland 
before  the  eleCtrical  machine.  The  electro- 
meter confifts  in  a glafs  itick  F D,  cemented 
• _ 

to  two  brafs  caps  F and  D ; from  the  latter 
of  which  a itrong  perpendicular  brafs  wire 
proceeds,  the  extremity  of  which  comes 
as  high  as  the  center  of  the  ball  B,  and  is 
furnifhed  with  an  horizontal  fpring  focket, 
through  which  the  wire  C E,  having  the 
brafs  ball  C at  one  end,  and  the  open  ring 
E at  the  pther,  may  be  Aided  backwards 
find  forwards,  fo  as  to  fet  the  brafs  ball  C 
at  any  required  diftance  from  the  ball 
This  diftance,  at  moft,  needs  not  be  greater 
than  half  an  inch ; hence  the  electrometer 
may  be  made  very  fmalh  Sometimes  fmall 
divifions  are  marked  upon  the  wire  C E, 
which  ferve  to  fet  the  balls  B and  C at  a 
given  diftance  from  one  another,  with 
more  readinefs  and  precision.  Now  lup- 
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pofe  that  the  jar  is  fet  contiguous  to  the 
prime  Conductor,  that  is,  with  the  ball  B 
touching  the  Conductor  ; that  the  ball  C be 
fet  at  one-tenth  of  an  inch  dittance  from 
the  ball  B j and  that,  by  means  of  wire,  a ' 
conducting  communication  be  formed  from 
E to  the  outfide  coating  of  the  jar,  as  is  re- 
presented by  the  dotted  line  in  the  figure. 

In  this  cafe,  if  the  eledtrical  machine  be  put ' 
in  motion,  the  jar  will  be  charged;  and 
when  the  charge  is  fo  high  as  that  the  elec- 
tric fluid  accumulated  within  the  jar  can 
leap  from  the  ball  B to  C,  which  we  have 
fuppofed  to  be  one- tenth  of  an  inch  afunder, 
the  difchaige  will  happen,  a fpark  appearing 
between  the  faid  balls,  and  the  Ihock  pafTes 
through  the  wire  reprefented  by  the  dotted 
line ; for  the  part  F D of  the  electrometer 
.being  of  glafs,  generally  covered  with  feal- 
ing-wax,  is  impervious  to  Eledxicity,  con^ 
fcquently  the  eledtric  fluid  has  no  other 
way  through  which  it  can  pafs  from  the 
infide  to  the  outfide  of  the  glafs  j ar.  When 
the  fliocks  are  to  be  given  with  this  appa- 
ratus to  any  particular  part  of  the  body,  for 
pittance,  to  the  arm,  then,  inttead  of  the 
dotted  line  reprefenting  a wire,  which  mutt 

•fm  ■ * 
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Lew  be  fuppofed  as  not  exifling  in  the  figure* 
two  {lender  and  pliable  wires,  E L,  I L,  are 
to  be  fattened,  one  to  the  open  rina-  E of  the 
electrometer,  and  the  other  to  the  brals  hook 
I of  the  hand  H L which  communicates 


with  the  outfide  coating  of  the  jar  The 
other  extremities  of  the  faid  wires  are  fatten- 
ed each  to  the  brafs  wire  L,  and  L,  of  the 
directors  K L,  K L.  Each  of  thofe  inftru- 
ments,  juftly  called  direttors,  confifts  of  a 
knobbed  brafs  wire  L,  which  by  means  of 
a brafs  cap  is  cemented  to  the  glafs  handle 
K.  The  operator,  holding  them  by  the 
extremity  of  the  glafs  handle,  brings  their 
bails  into  contact  with  the  extremities  of 
that  part  of  the  body  of  the  patient  through 
which  he  defires  to  fend  the  fhock.  The 


management  and  convenience  of  this  appa- 
ratus are  eafily  comprehended  by  infpedting 
the  figure  ; for  when  the  machine  is  in  mo- 
tion, and  the  apparatus,  &c.  is  iituate  as  in 
the  figure,  the  difeharge  of  the  jar  muft  be 


* if  the  jar  has  not  the  Rand  H T,  the  extremity  I 
of  the* wire  I L may  be  /imply  refted  under,  or  may  be 
tied  round  it.  In  fhort,  it  muft  be  put  in  contact 
with  the  outfide  coating  oj  the  jar,  in  any  convenient 
manner, 

evidently 

V & 
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• * 

evidently  made  through  that  part  of  the 
patient’s  arm,  which  lies  between  the 
knobs  of  the  directors ; and  the  operator, 
whilft  an  affiftant  keeps  the  machine  in 
motion,  has  nothing  more  to  do,  than  to 
hold  the  knobs  of  the  dire&ors  to  the 
extremities  of  the  arm,  or  to  any  other 
part  of  the  body  that  is  required  to  be  thus 
electrified;  always  taking  care  that  the  two 
wires  EL,  I L,  do  not  touch  each  other* 
becaufe  in  that  cafe  the  fhock  will  not  pafe 
through  that  part  of  the  body  which  is  re- 
quired to  be  ejedtrified.  Thus  any  number 
©f  fhocks,  precifely  of  the  fame  ftrength, 
may  be  given,  without  altering  any  part  of 
the  apparatus,  or  having  any  farther  trouble; 
and  when  the  ftrensth  of  the  fhocks  is  re- 
quired  to  be  diminished  or  increafed,  it  is 
only  neceffary  to  diminifh  or  augment  the 
diitance  between  the  balls  B C,  which  is 
done  by  flipping  the  wire  C E forwards  or 
backwards  through  the  fpring  focket  that 
jaolds  it. 

Jt  is  almoft  funerfluous  to  mention,  that 

/ t ^ 

when  fhocks  are  adminiflered,  it  is  imraa- 

0 ' j 

ferial  whether  the  patient  ftands  upon  the 

ground. 


\ 
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ground,  upon  the  infulating  (tool,  or  in  any 
other  fituation  whatever.  It  is  neither  al- 
ways necelTary  to  remove  the  cloaths  from 
the  part  that  mu  ft  he  electrified,  in  order 
to  let  the  knobs  of  the  directors  touch  the 

\ t 

fkin ; for,  except  the  coverings  be  too  many 
and  too  thick,  in  which  cafe  part  of  them- 
at  lead:  fhould  be  removed,  the  fhocks  will 
go  through  them  very  eafily,  efpecially  if 
the  knobs  of  the  directors  be  prefled  a little 
upon  the  part. 

9 

In  the  courfe  of  this  effay  we  fhall  de^ 
fcribe  the  ftrength  of  the  fhocks  by  the 
diftance  between  the  balls  B and  C of  the 
eleClrometer,  which  we  fhall  exprefs  by 
parts  of  an  inch  ; fuppofing  that  the  faid 
eleflrometer  is  fixed  upon  fuch  a jar  as  we 
have  defcribed  above,  viz.  whofe  coated 
part,  befides  the  bottom,  may  be  equal  to 
about  73  fquare  inches,  and  whofe  glafs  is 
moderately  thin  ; for  a larger  or  thicker  jar 
with  the  fame  electrometer,  fet  at  the  fame 
diftance,  will  produce  a much  different 
effeCt,  as  muft  be  obvious  to  any  perfon  a 
little  acquainted  with  the  fcience  of  Elec-? 
t/kity. 


Befides 
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Befides  the  directors  mentioned  above, 
there  are  other  kinds  of  directors,  which 
ierve  for  throwing  the  ftream  of  eledlric 
fluid,  and  other  fimilar  purpofes.  Thefe 
are  delineated  in  fig.  2.  and  3.  The  di- 
rector D,in  fig.  2.  is  much  like  thofe  de- 
fcribed  above,  excepting  only  that  its  wire 
is  bent,  and  inftead  of  having  any  ball,  it 
terminates  in  a point,  to  which  is  affixed  a 
piece  of  wood  about  one  inch  or  one  inch 
and  a half  long,  pointed  at  one  end,  though 
not  very  ftiarp,  and  having  a hole  at  the 
other  *.  The  operator  ffiould  have  by  him 
various  fuch  wooden  pieces,  of  different 
lengths  and  thicknefs,  as  E E,  fo  as  to  fihift 
them  according  as  circumftances  may  re- 
quire; for  fometimes  the  wooden  pieces 
are  too  dry  or  too  damp,  or  the  machine  is 
in  bad  order,  &c.  in  which  cafes  the  ftream 
of  eledtric  fluid  would  be  either  too  ftrontr 
or  too  weak,  if  the  fame  wooden  point  was 
always  ufed.  The  wood  proper  to  make 
thefe  pointed  pieces  ftiould  be, rather  of  a 
loft  kind,  than  hard,  as  box  wood  and  lig- 
num vitae  are. 

* Thefc  directors  are  fpmetimes  made  with  very 
{lender  and  annealed  wires,  fp  that  they  may  be  bent 
in  every  required  dire&ionu 

~ : : v . ''  • : - Tn 
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In  order  to  throw  the  eledric  fluid  with 
this  diredor,  let  a wire  B,  proceeding 
from  the  prime  Conductor  A,  fig.  2.  be 
fadened  to  the  wire  of  the  diredor  D E, 
which  the  operator  mud  hold  by  the  extre- 
mity of  the  glafs  handle,  and  mud  manage 
it  fo  as  to  keep  the  wooden  point  at  about 
one  or  two  inches  didance  from  the  body 
of  the  patient  This  didance,  however* 
mud  be  regulated  according  to  the  conditu- 
tion  of  the  patient,  the  drength  of  the  elec- 
trical machine,  and  other  circumdances* 
w hich  will  be  fuggeded  by  a little  practice. 
The  eledric  fluid  iffuing  from  the  wooden  * 
point,  has  a power  which  is  intermediate 
between  that  of  the  dream  proceeding  from 
a metal  point,  and  the  power  of  the  fparks ; 
but  yet  it  is  in  general  the  mod  efficacious 
method  of  eledrization,  and  therefore  no 
pains  fhould  be  fpared  in  order  to  adminider 
it  in  the  bed  pofiible  manner.  This  dream 
confids  of  a vad  number  of  exceedingly 
fmall  fparks,  accompanied  with  a little 

* When  this  or  any  other  operation  is  performed,  the 
eledric  jar,  and  in  general  any  inftrument  not  adually 
neceffary,  mufl  be  removed  from  the  prime  Condudor*. 
and  even  from  the  table  if  that  be  rather  fmall. 

wind, 
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wind,  which  gently  irritates  the  part  elec- 
trified, and  gives  a warmth  which  proves' 
very  agreeable  to  the  patients.  Sometimes, 
when  the  machine  is  very  powerful,  and  .the 
Wooden  point  is  fhort  or  fplit,  a very  full 
and  pungent  fpark  ifliies  from  it;  which  is 
a very  difagreeable  accident,  Specially  when 
the  part  eledtrified  is  very  delicate.  In  order 
to  avoid  this  inconvenience,  the  operator 
fliould  ftrft  try  the  goodnefs  of  the  point, 
berore  ne  begins  the  operation ; which  he 

may  do  by  throwing  the  ft  ream  upon  his 
ewn  hand  or  face. 


■The  above-mentioned  method  of  elec- 
trifying, gentle  as  it  may  appear,  will  ne- 
verthelefs  be  found  too  ftrong  for  feme  per- 
fons,  efpecially  when  ufed  for  open  fores 
upon  delicate  parts  ; in  which  cafes  the 
wooden  point  muft  be  removed,  and  the 
eledtric  fluid  muft  be  Amply  thrown, 
irom  the  metal  point  of  the  director,  which 
-uft  now  be  kept  at  a greater  diftance 
than  when  the  wooden  piece  was  upon  it.- 
The  eledtric  fluid  ifihing  out  of  this  pointed 
wire  of  the  director,  occafions  only  a ?en- 
t e wind  upon  the  part  towards  which  it 


IS 
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Is  direCtecf,  and  is  far  from  being  difagree* 
able  even  to  the  mod  delicate  conftitutiom 

■s • ' V 

It  might  be  naturally  fufpeCted,  that  fa 
gentle  and  nearly  infenflble  a treatment 
could  hardly  be  of  any  efficacy;  but  my 
reader  may  be  allured,  that  to  my  certain 
knowledge,  deduced  from  the  practice  of 
perfons  who  have  had  long  experience  in 

this  fubjeCt,  this  method  of  electrization, 

\ 

viz.  the  throwing  the  fluid  with  a metal 
point,  has  often  mitigated  pains,  and  cured 
obflinate  and  dangerous  difeafes,  which 
could  not  be  removed  by  any  other  remedy 
that  was  tried* 

\ 

In  general  this  treatment,  upon  delicate 
nervous  conftitutions,  is  as  efficacious  as  the 
other,  viz.  the  throwing  the  fluid  with  a 
wooden  point,  is  to  ordinary  conftitutions* 
In  feveral  cafes,  efpecially  of  open  fores, 
the  eleCtric  fluid  ifluing  out  of  a wooden 
point  has  conftantly  increafed  the  pain,  and 
even  enlarged  the  fore ; whereas  the  fluid 
ifluing  out  of  the  metal  point,  has  effectually 
diminiflied  both. 


The 
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The  ftream  iffuing  out  of  a wooden 
point  may  be  directed  towards  the  eyes  of 
the  patient,  without  any  apprehenfion  of 
hurting  him  ; in  which  cafe  the  operator 
fhould  keep  the  eye-lid  open  with  one 
hand.  .Indeed  there  might  be  fome  cafes, 
though  I feldom  heard  of  any,  in  which 
this  treatment  may  be  thought  to  be  too 
ftrong ; then  the  metal  point  only  may  be 
ufed. 

‘ •'  ” V » - / • \ 

The  ftream  iffuing  both  out  of  the 
wooden  and  of  the  metal  point,  ads  even 
through  the  cloaths,  if  they  are  not  too 
thick  ; hence  it  may  be  ufed  without  in- 
commoding the  patient  : but  when  it  is 
convenient  to  uncover  the  part  which  is  to  be 
eledrified,  it  is  much  preferable  to  dired 
the  fluid  immediately  upon  the  fkin. 

In  this  operation,  the  praditioner  muff 
mind  to  fhift  the  point  of  the  diredor  about, 
fo  that  the  ftream  of  eledric  fluid  may  be 
direded  not  only  towards  the  affeded 
part,  but  alfo  to  the  places  about  it ; al- 
ternately returning  to  the  fame  place,  and 
moftly  infilling  upon  the  part  principally 
affeded. 

VOL.  II. 
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The  patient  in  this  operation  may  alfo 
ftand  in  every  fituation  that  may  happen  to 
be  more  convenient  to  him. 

When  more  proper  inftruments  cannot 
be  had,  directors  may  be  made  by  flicking 
large  pins  upon  (ticks  of  fealing-wax,  as  is 
reprefented  at  K,  fig.  2. 

Sometimes  the  wire  B,  which  forms  the 
communication  between  the  prime  Con- 
ductor and  the  director,  throws  a confidera- 

* 

ble  quantity  of  eleCtric  fluid  into  the  air, 
which  weakens  the  ftream  ifluing  from  the 
point.  In  order  to  remedy  this  inconve- 
nience, I contrived  a conducting  wire,  which 
being  ufed  by  fome  of  my  friends,  who 
praCtife  Medical  EleCtricity,  has  been  found 
to  anfwer  very  well  the  purpofe  of  not  dil- 
fipating  the  eleCtric  fluid.  This  conducting 
communication  is  formed  of  a filver,  gold, 
or  copper  thread,  fuch  as  are  ufed  for  laces, 
which  confift  of  a final!  lamina  of  metal 
t wilted  round  a (ilk  or  linen  thread.  This 
metal  thread,  or  two  of  them,  muft  be  in- 
volved in  a (ilk  ribbon,  which  is  coiled  and 
fewed  very  tight  upon  it,  leaving  only  a loop 

of 
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of  the  metallic  thread  uncovered  at  each  ex- 
tremity, one  of  which  is  to  be  fattened  to 
the  prime  Conductor,  and  the  other  to  the 
wire  of  the  director.  See  G H,  fig.  2. 

This  fort  of  conducting  communication* 
befides  its  preventing  the  diffipation  of  the 
define  fluid,  is  much  more  pliable  than 
the  ft  iff  wire  commonly  ufed,  and  conic - 
.quently  may  be  managed  more  eafily. 
It  may  be  alfo  ufed  inftead  of  the  wire 
E L,  I L,  fig.  1.  in  the  operation  of  giving  ' 
jfhocks* 


Two  other  dire&ors  different  from  the 
above-mentioned,  are  delineated  in  fie.  3. 

\ O 

Their  ufe  is  to  draw  fparks  from  the  in- 
fide  of  the  ear  in  cafes  of  deafnefs,  pains, 
&c.  and  alfo  from  the  teeth  or  other  inter- 


nal parts  of  the  mouth.  The  dire&or  B H 
con  fills  of  a glafs  tube  A B,  about  fix 
inches  long,  and  open  at  both  ends;  the  dia- 
meter of  which  may  be  about  one-tenth  of 
an  inch,  and  the  Jubilance  of  the  glafs  rather 
thick.  A cork  is  thrulled  into  one  end  of 
this  tube,  through  which  a wire  pafies;  one 
extremity  of  which  is  cut  blunt  and  fiiiooth. 


K 
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and  comes  within  one  or  two-tenths  of  an 
inch  fhorter  than  the  end  B of  the  tube. 
The  other  extremity  H of  the  wire,  is 
furniihed  with  a fmall  metal  ball. — Long 
pins,  fuch  as  the  ladies  ufe  for  their  hats, 
anfwer  this  purpofe  exceedingly  well,  when 
their  points  are  filed  off.  The  other  direc- 
tor C D differs  from  that  juft  delcribed,  in 
being  only  bent  a little,  for  the  conveniency 
of  adapting  it  more  eafily  to  fome  parts 
within  the  mouth. 

When  thefe  directors  are  ufed,  the  pa- 
tient muft  be  fituated  upon  an  infulating 
ftool,  viz.  a ftool  furniftied  with  glafs  feet, 
upon  which  a chair  may  be  placed.  Then 
a communication  muft  be  formed  between 
the  prime  Conductor  and  the  body  of  the 
patient,  by  means  of  any  fort  of  wire,  es- 
pecially that  reprefented  by  G H,  fig.  2. 
or  by  the  patient  only  touching  the  prime 
Conductor  with  his  hand.  In  this  cafe,  it 
is  eafy  to  conceive  that  the  patient  be- 
comes part  of  the  prime  Conductor ; and 
if  any  blunt  conducting  body  be  brought 
near  him,  when  the  machine  is  in  aCtion, 
a fpark  is  obtained  from  him  in  the  fame 

manner 
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manner  as  when  the  fame  blunt  body  is 
prefen  ted  to  the  prime  Conductor  itfelf. 
Every  thing  being  thus  far  prepared,  the 
operator  holding  the  director  A B or  C D 
by  its  middle  E or  F with  one  of  his 
hands,  muft  bring  the  extremity  B or  D 
of  the  tube  into  contad,  or  nearly  fo,  with 
the  infide  of  the  ear,  mouth,  &c.  of  the 
patient,  as  occafion  may  require}  and  muft 
bring  the  knuckle  of  a finger  of  his  other 
hand  within  a fmall  diftance  of  the  fmall 
knob  H or  G of  the  diredor,  which  will 
extrad  fmall  fparks  from  it,  and  at  the  fame 
time  the  like  fparks  will  happen  between 
the  other  extremity  of  the  wire  within  the 
tube,  and  the  part  of  the  patient’s  body  to- 
wards which  the  inftrument  is  direded. 

This  is  an  excellent  method  to  be  prac- 
tifed  in  cafes  of  deafnefles,  pains  in  the 
ears,  tooth-achs,  fwellings  within  the 
mouth,  &c.  efpecially  becaufe  it  may  be 
increafed  or  diminiftted  at  pleafure } viz. 
by  drawing  the  wire  G or  H more  or  left 
from  the  extremity  B or  D of  the  tube,  the 
ftrength  of  the  fparks  may  be  increafed  or 
diminifhed. 

K 3 
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Net  only  fparks,  but  alfo  the  ftream  of 
electric  fluid  may  be  drawn  with  thofe  di- 
rectors; This  is  done  by  bringing  (inftead 
of  the  knuckle)  a pointed  piece  of  wood 
near  the  fmall  kn6b  H or  G of  the  director; 
every  thing  elfe  bbiifg^ti||ppfed  as  already 
directed,  * 

When  fparks  are  required  to  be  drawn 


from  any  part  of  the body,  the  patient 

Mm  % v ■ ‘T  . * "*  .v  ' 

mull  be  fituated  upon  an  infulating  ftool, 
and  mull  be  connected  with  the  prime 
Conductor  in  the  manner  directed  above ; 
then  the  operator  bringing  the  knuckle 
of  one  of  his  ringers,  or  the  knob  of  a 
brafs  wire  like  K L,  fig.  3.  oppofite  to 
the  affedted  part,  will  draw  the  fparks 
from  it ; which  fparks  will  pafs  very  ea- 
fily  through  the  cloaths,  if  they  are  not 
very  thick.  When  the  knobbed  wire  K L 
is  uled  to  draw  fparks  with,  the  operator 
mud  hold  it  by  the  extremity  K,  and  pre- 
fect the  knob  L,  &c. : but  it  may  alfo  be 
ufed  to  draw  the  fluid  filently,  in  which 


cafe  the  point  K mu  ft  be  prefen  ted,  and  the 
knob  L muft  be  held  by  the  hand  of  the 
operator.  Here  a wooden  point  may  alfo  be 

tiled, 

. , Jp*  Y*t  % * 
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ufed,  viz.  by  affixing  it  to  the  point  K of 
the  wire ; which  method  anfwers  as  well  as 
that  of  throwing  the  eledtric  fluid  by  means 
of  a wooden  or  metal  point,  with  the  di- 
rector D of  fig.  2.  defcribed  in  the  preced- 
ing pages. 

Sometimes  it  is  required  to  take  fparks 
from  fuch  parts  as  are  covered  with  thick 
cloaths,  and  the  patient  is  rather  unwilling 
to  uncover.  In  this  cafe  the  bed:  method 
is  to  fituate  the  patient  upon  the  infulating 
ftool  in  contact  with  the  prime  Conductor, 
then  to  bring  the  knob  of  a director,  like 
one  of  thofe  delineated  in  fig.  i.  in  con- 
tad  with  the  cloaths  over  the  part  required 
to  be  eleftrified ; whilft  the  operator,  hold- 
ing the  inftrument  by  the  extremity  of  its 
glafs  handle  with  one  of  his  hands,  brings 
the  knuckle  of  one  of  his  fingers,  or  the 
knob  of  the  wire  K L,  fig.  3.  pretty  near 
the  brafs  cap  of  the  diredor,  fo  as  to  draw 
ftrong  fparks  from  it ; the  force  of  which 
will  be  felt  very  fmartly  upon  the  part  of 
the  patient’s  body ; fo v at  the  fame  time 
fparks  will  happen  the:  e acrofs  the  cloaths, 
viz,  between  the  part  of  the  body  of  die 
- K 4.  patient. 
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patient,  and  the  knob  of  the  diredof, 
■which,  for  better  fecurity,  fhould  be  preffed 
a little  upon  the  deaths. 

In  all  thofe  cafes  when  the  eledric  fluid, 
either  in  a flream  or  under  the  form  of 
fparks  and  fhocks,  is  to  be  forced  acrofs  the 
cloaths,  it  is  fuppofed  that  no  metallic  or- 
naments fhould  be  interpofed,  as  gold  or 
filver  lace,  long  pins,  and  the  like  j for  then 
the  effeds  will  vary  confiderably,  according 
to  the  different  circumftances. 

There  is  another  method  of  eledrifying 
a difeafed  part  of  the  body,  which  cannot 
properly  be  called  drawing  fparks,  though 
it  comes  very  near  to  it.  This  manner  of 
eledrifying  is  effeded  in  the  following 
way;  The  patient  is  fituated  upon  the 
infulating  ftool,  and  is  made  to  communi- 
cate with  the  prime  Condudor  j then  a 
dry  and  warm  flannel,  either  Angle  or 
double,  according  as  it  may  be  occaflonally 
thought  more  proper,  is  fpread  upon  the 
naked  part  thatmuftbe  eledrified,  and  over 
this  flannel  the  operator  muft  put  the  knob 
L of  the  wire  K L,  fig.  3.  quite  into  con-- 
5 tad 
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taft  with  the  flannel,  whilft  he  holds  it  by 
the  other  extremity  K.  Now  when  the 
machine  is  in  adtion,  the  knob  L of  the 
wire  muft  be  ihifted  very  quick  and  nimbly 
from  place  to  place  over  the  flannel  j in 
which  cafe  a vaft  number  of  exceedingly 
fmail  fparks  will  be  drawn  acrofs  the  flan- 
nel ; which  generally  bring  an  agreeable 
warmth  on  the  part,  and  prove  very  bene- 
ficial to  the  patient,  at  the  fame  time  that 
they  do  not  caufe  any  very  difagreeable  fen- 
fation.  In  cafes  of  paralytic  limbs,  rheu- 
matifm,  fpreading  pains,  coldnefs  of  any 
particular  part,  &c.  this  treatment  is  of  lin- 
gular benefit.  In  the  following  pages  we 
lhall  call  it  ‘Tie  method  of  drawing  Jparks 
through  a piece  of  flannel,  or  limply,  to  draw 
fparks  through  flanneL 

As  for  the  infulating  chair,  it  is  almoft 
needlefs  to  give  any  particular  di red! ions 
concerning  its  conftrudtion ; it  being  no- 
thing more  than  a common  wooden  chair 
fet  upon  an  infulating  liool ; or,  as  fome 
perfons  choofe  to  have  it,  the  chair  itfelf 
is  furnilhed  with  glafs,  inftead  of  wooden 
legs,  which  anfwers  equally  well.  It  is 

requifitc 
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requifite  that  no  fharp  metallic  points  be 
put  upon  this  chair  ; and  even  its  wooden 
ornaments  fhould  be  rather  blunt  than 
fharp-edged ; for  points  and  edges  in  ge- 
neral diffipate ' the  eledtric  fluid  coniider- 
ablv,  and  confequentiy  weaken  the  power 
of  the  machine.  The  glafs  feet  fhould  be 
at  leaft  eight  inches  high  ; and,  that  they 
mav  infulate  the  better,  efpecially  in  damp 
weather,  they  fhould  be  covered  with  feal- 
in°--wax  or  good  amber  varnifh.  In  the 
conftrudHon  of  this  chair,  a place  fhould  be 
always  provided,  whereupon  the  patient 
may  reft  his  feet ; the  want  of  which  is 
very  difagreeable,  becaufe  it  is  abfolutely 
neceflary  that  the  feet  do  not  touch  the 

£oor, When  only  a common  chair  is  to 

be  occafionally  fet  upon  an  infulating  ftool, 
the  latter  fhould  be  made  fomewhat  larger 
than  the  former,  fo  that  part  of  it  may 
projedt  before  the  chair,  upon  which  the 
perfon  to  be  eledtrified  may  reft  his  feet. 

After  the  dei'eription  of  the  inftruments 
neceflary  for  the  adminiftration  of  Medi- 
cal Electricity,  I fhall  colled!  together  fomp 
nradtical  rules,  which  may  ferve  for  a guide 

to 
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to  thofe  practitioners,  who  have  not  yet 
been  fufficiently  inftruCted  by  their  own 
experience. 

General  Rules  for  Practice. 

I.  It  Should  be  attentively  obferved  to 
employ  the  fmalleft  force  of  Electricity, 
that  is  fufficient  to  remove  or  to  alleviate 
any  diforder ; thus  the  fhocks  Should  never 
be  ufed  when  the  cure  may  be  effected 
by  fparks;  the  fparks  fliould  be  avoided 
when  the  required  effedl  can  be  obtained 
by  only  drawing  the  fluid  with  a wooden 
point ; and  even  this  laft  treatment  ought 
to  be  omitted,  when  the  fluid  drawn  by 
means  of  a metal  point,  may  be  thought 
fufficient.  The  difficulty  confifts  in  dif- 
tinguifhing  the  proper  Strength  of  eledtric 
power  that  is  required  for  a given  difor- 
der, the  fex  and  conftitution  of  the  pa- 
tient being  considered.  In  regard  to  this 
point,  it  is  impoflible  to  give  any  exadt  and 
invariable  rules  * the  circumftances  beinp* 
of  fuch  a nature,  and  fo  various,  that  long 
experience,  and  a ftriift  attention  to  every 
particular  phenomenon,  are  the  only  means 

by 
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by  which  proper  infractions  may  be  re- 
ceived. The  fureft  rule,  as  we  obferved 
above,  that  can  be  given  relating  to  this 
particular,  is  to  begin  by  the  nioft  gentle 
treatment ; at  leaft  fiich,  that,  conlidering 
the  conftiiution  of  the  patient,  may  be 
thought  rather  weak  than  ftrong.  When 
this  gentle  treatment  has  been  found  in- 
effectual for  a few  days,  which  is  denoted 
by  the  difeafe  not  abating,  and  the  appli- 
cation of  Electricity  not  caufing  any  warmth, 
or  other  promifing  phenomenon  upon  the 
part  eleCtrized ; then  the  operator  may 
gradually  increafe  the  force  of  EleCtricity 
till  he  finds  the  proper  degree  of  it. 

II.  In  judging  of  cafes  proper  to  be 
electrified,  experience  flows,  that  in  gene- 
ral, all  kinds  of  obftruCtions,  whether  of 
motion,  of  circulation,  or  of  fecretion,  are 
very  often  removed  or  alleviated  by  Elec- 
tricity. The  fame  may  aifo  be  faid  of  ner- 
vous diforders  j both  which  include  a great 
variety  of  difeafes.  The  application  of 
EleCtricity  has  feldom  intirely  cured  difeafes 
of  a long  Handing,  although  it  generally 
relieves  them.  To  perfons  aiHiCted  with 

the 
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the  venereal  difeafe,  or  to  pregnant  women, 
electrization  has  been  thought  to  be  perni- 
cious; but  my  reader  may  be  allured,  that 
even  in  thofe  cafes  it  may  be  ufed  without 
fear,  if  it  be  judicioufly  managed.  When 
pregnant  women  are  to  be  electrified  for  any 
diforder,  the  fhocks  fhould  be  abfolutely 
forbidden;  and  even  when  the  other  more 
gentle  treatments  are  ufed,  a conflant  atten- 
tion fhould  be  given  to  any  phenomenon 
that  may  appear  in  the  courfe  of  the  elec- 
trization ; the  method  of  which  fhould  be 
increafed,  diminilhed,  or  fufpended,  accord- 
ing as  circumfiances  may  indicate.  As  for 
the  venereal  difeafe,  it  will  be  hinted,  in 
the  courfe  of  this  work,  in  what  manner, 
and  in  which  cafes,  BleCtricity  may  be 
applied. 

III.  In  cafes  of  gathering  tumours,  the 
beft  method  is  to  draw  the  fluid  by  means 
of  a wooden  point,  or,  if  that  prove  painful, 
by  a metal  point.  Sparks  in  thefe  cafes, 
and  alfo  fhocks,  are  often  hurtful.  In  ftiff- 
neffes,  paralytics,  and  rheumatifm,  frnall 
fparks,  efpeciaily  through  a double  flannel, 
and  alfo  very  fmall  fhocks  (at  moft  of  one- 

tenth 
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tenth  of  an  inch)  mav  be  ufed.  Stronger 
fhocks  may  be  fometimes,  though  feldom, 
adminiftered  for  a violent  tooth-ach,  and  for 
fome  internal  fpafm  of  no  long  Handing. 

IV.  When  any  limb  of  the  body  is  de- 
prived of  motion,  it  muft  be  obferved,  that 
the  privation  of  motion  is  not  always  occa- 
fioned  by  a contraction  of  the  mufcles;  but 
that  it  is  often  the  eflfeCt  of  relaxation  ; 
thus,  for  inftance,  if  the  hand  is  bent  in- 
wardly, and  the  patient  has  no  power  of 
Heightening  it,  the  caufe  of  it  may  be  a 

weaknefs  of  the  outward  mufcles,  as  well 

* 

as  a contraction  of  the  inward  ones.  In 
fuch  cafes,  as  it  is  often  difficult  even  for 
good  anatomifts  to  difcover  the  real  caufe, , 
the  fureft  method  is  to  electrify  not  only 
thofe  mufcles  which  are  fuppofed  to  be  con- 
tracted, but  alfo  their  antagonifts  ; for  to 
eleCtrify  a found  mufcle  is  by  no  means 
hurtful. 

V.  When  the  ftream  of  eleCtric  fluid  is 
thrown  either  with  a wooden  or  metal 
point,  the  length  of  the  operation  fhould 
be  from  three  to  ten  minutes,  more  or 

lefs, 
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lefs,  according  as  occafion  may  require. 
When  fhocks  are  adminiftered,  their  great- 
eft  number  ftiould  not  exceed  a dozen  or 
fourteen,  except  when  they  are  to  be  given 
to  the  whole  body  in  different  directions. 
The  number  of  fparks,  when  they  are  ufed, 
may  generally  exceed  the  number  of  fliocks 
mentioned  above. 

VI.  Laftly,  it  may  be  of  ufe  to  mention, 
that  when  children  mufl  be  electrified  upon 
the  infuiating  chair,  as  it  is  didicult  to  let 
them  remain  quiet,  the  molt  convenient 
method  is,  to  let  another  perfon  lit  in  the 
infuiating  chair,  and  to  hold  the  child 
whilft  the  operator  is  electrifying  him. 

Having  thus  comprifed  into  a few  gene- 
ral rules,  the  method  of  applying  EleCtricity 
with  fafety,  we  fhall  next  defcribe  the  par- 
ticular treatment,  which  has  been  found 
more  expeditious  and  beneficial  in  diforders 
of  various  fpecies ; and  fliall  laftly  add  fome 
authentic  cafes,  which  will  ferve  as  examples 
for  the  generality  of  practitioners. 

The  minute  detail  of  the  apparatus  ne- 

ceflary 


# 


144  ^ Complete  Treatise 

cefTary  for  Medical  Electricity,  and  feveral 
of  the  obfervations  made  on  the  particular 
ufe  of  it,  may  be  thought  more  than  neceflary 
for  a perfon  who  is  mafter  of  the  preceding 
part  of  this  work ; but  as  it  is  more  than 
probable,  that  many  perfons  will  confult 
this  book  merely  for  the  fake  of  the  medical 
part,  I thought  proper  to  prevent  any  pof- 
fihle  miftake,  which  concifenefs  may  pro- 
duce. 


Containing  the  particular  Method  of  admini - 
Jiring  Electricity  for  various  Difeafes>  and 
the  Account  of  fome  authentic  Cafes . 

HE  account  of  a few  fuccefsful  cafes 


in  Medical  EleCtricity,  as  well  as  in 
any  other  branch  of  phylic,  does  by  no 
means  eftablifh  the  reputation  of  the  treat- 
ment, when  a vaft  number  of  unfuccefsful 
trials  are  concealed  from  the  eyes  of  the 
public.  The  variety  of  temperaments  ob- 
fervable  in  the  human  fpecies,  and  the  coin- 
cidence of  circumftances,  is  fuch,  that 
fometimes  very  obftinate  diforders  feem  to 
be  cured  by  very  trifling  applications.  The 


CHAP.  Ill 


phyficiarrs. 
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bhyficians*  however,  juftly  negledt  thofe 
kinds  of  treatment,  becaufe  they  have  a<ftu- 
ally  failed  in  a great  many  cafes  feemingly 
of  the  fame  nature. 

In  order*  therefore,  to  give  a proper  efti- 
mate  of  the  efficacy  of  a remedy,  it  is  ne- 
ceffary  to  ffiew  the  proportion  between  the 
fuccefsful  and  the  unfuccefsful  trials*  with- 
out being  amazed  at  one  cafe*  and  negledt- 
ing  many  others. 

Agreeably  to  this  obfervation,  the  reader 
will  find  in  the  following  pages,  an  eftimate 
of  the  effects  of  Electricity  applied  as  a re- 
medy for  various  diforders.  This  eftimate 
has  been  deduced  from  the  cafes  which  are 
hitherto  come  to  my  notice,  and  is  there- 
fore likely  to  receive  much  alteration  and 
amendment  by  better  information,  and  fu* 
ture  obfervations. 

Rheumatic  diforders , even  of  long  ftand- 
ing,  are  relieved,  and  generally  quite  cured, 
by  only  drawing  the  eleCtric  fluid  with  a 
wooden  point  from  the  part,  or  by  draw- 
ing fparks  through  flannel.  The  opera- 
tion fhould  be  continued  for  „ about  four 
Vet.  II*  L Qt 
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or  five  minutes,  repeating  it  once  or  twice 
every  day. 

Deafnefs.y  except  when  it  is  occafioned 
by  obliteration,  or  other  improper  configu- 
ration of  the  parts,  is  either  intirely  or  partly 
cured  by  drawing  the  fparks  from  the  ear 
with  the  glafs-tube-diredtor,  or  by  drawing 
the  fluid  with  a wooden  point.  Sometimes 
it  is  not  improper  to  fend  exceedingly  final! 
fhocks  (for  in  fiance,  of  one-thirtieth  of  an 
inch)  from  one  ear  to  the  other.  — It  has 
been  conftantly  obferved,  that  whenever  the 
ear  is  electrified,  the  difeharge  of  the  wax  is 
conliderably  promoted. 

The  tooth -achy  occafioned  by  cold,  rheu- 
matifm,  or  inflammation,  is  generally  re- 
lieved by  drawing  the  electric  fluid  with  a 
point,  immediately  ffgm  the  part,  and  alfo 
externally  from  the  face.  But  when  the 
body  of  the  tooth  is  affected,  electrization  is 
of  no  Life  ; for  it  feldom  or  never  relieves 
the  dif  order,  and  fometimes  increases  the 

vain  to  a prodigious  degree. 

**  / •>  / 

^ / 

, Swellings  in  general,  which  do  not  con- 
tain any  matter,  are  moftly  cured  by 

drawing 
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drawing  the  elcitric  fluid  with  a wooden 
point  *.  The  operation  fhould  be  continu- 
ed for  three  or  four  minutes  every  day. 

Inflammations  of  every  fort  are  generally 
relieved  by  a very  gentle  electrization. 

In  inflammations  of  the  eyes , the  throwing 
of  the  eleCtric  fluid  by  means  of  a wooden 
point,  is  conftantly  attended  with  great 
benefit : the  pain  being  quickly  abated, 
and  the  inflammation  being  generally  diffi- 
pated  in  a few  days.  In  thefe  cafes,  the 
eye  of  the  patient  muft  be  kept  open,  and 
care  fhould  be  taken  not  to  bring  the 
Wooden  point  very  near  it.  Sometimes  it  is 
fufficient  to  throw  the  fluid  with  a metal 
point ; for  in  thefe  cafes,  too  great  an 
irritation  fhould  be  always  avoided.  It  is 
not  neceflary  to  continue  this  operation 
for  three  or  four  minutes  without  inter- 
million;  but,  after  throwing  the  fluid  for 
about  half  a minute,  a fhort  time  may  be 
allowed  to  the  patient  to  reft,  and  to  wipe 

* It  is  very  remarkable,  that  in  fome  cafes  of  white 
dwellings,  quite  cured  by  means  of  Eledlricity,  even  the 
bones  and  cartilages  were  in  fome  meafure  disfigured. 

L z hi® 
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his  tears,  which  generally  flow  very  copiouf-. 
ly ; then  the  operation  may  be  continued 
again  for  another  half  minute,  and  lb  on  for 
four  or  five  times  every  day. 


The  gutta  ferena  has  been  fometimes 

% v 

cured  by  electrization  ; but  at  the  fame  time 
it  muft  be  confefled,  that  to  my  certain 
knowledge,  EleCtricity  has  proved  ineffec- 
tual in  many  fuch  cafes,  in  which  it  was 
adminiftered  for  a long  time,  and  with  all 
poffible  attention.  I do  not  know  that 
ever  any  body  was  worded  by  it.  The 
bed  method  of  adminiftring  EleCtricity  in* 
fuch  cafes,  is  fird  to  draw  the  eleCtric  fluid 
with  a wooden  point  for  a fhort  time,  and 
then  to  fend  about  half  a dozen  {hocks  of 

one-twentieth  of  an  inch  from  the  back  and 

■*  * * * - 

lower  part  of  the  head  to  the  forehead,  very 
little  above  the  eye. 


A remarkable  difeafe  of  the  eves  was 

* •»  ■ • * * * 

feme  time  ago  perfectly  cured  by  electriza- 
tion ; it  was  an  opacity  of  the  vitreous 
humour.  This  feems  to  be  the  only  cafe 
of  the  kind,  to  which  EieCtricity  was  ap- 
plied. 


All 
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All  the  cafes  of  fiftiila  lacry mails,  as  far 
as  I am  informed,  that  have  been  eledtrified 
by  perfons  of  ability  for  a fufficient  time, 
have  been  entirely  cured.  The  method 
generally  pradtifed,  has  been  that  of  draw- 
ing the  fluid  with  a wooden  point,  and  to 
take  very  fmall  fparks  from  the  part.  The 
operation  may  be  continued  for  about  three 
or  four  minutes  every  day.  It  is  remarkable 
that  in  thofe  cafes,  after  curing  the  fiflula 
lacrymalis,  no  other  difeafs  was  occafioncd 
by  it,  as  blindnels,  inflammations,  &c.  by 
fupprefling  that  difcharge. 

Pal/ies  are  feldom  perfectly  cured  by 
means  of  Electricity,  efpecially  when  they 
are  of  long  ftanding,  and  the  intellect  is 
afxeCted  ; but  they  are  generally  relieved  to 
a certain  degree.  The  method  of  eleCtri- 
fying  in  thofe  cafes,  is  to  draw  the  fluid 
with  a wooden  point,  and  to  draw  fparks 
through  flannel;  or  through  the  uiual  cover- 
ings of  the  part,  if  they  be  not  too  thick. 
The  operation  may  be  continued  for  about 
five  minutes  per  day. 

Ulcers , or  open  fores  of  every  kind,  even 
‘ L 3 of 
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of  a long  ftanding,  are  generally  difpofed 
to  heal  by  electrization.  The  general  ef- 
fects are  a diminution  of  the  inflammation, 
and  at  Aril  a promotion  of  the  difcharge  of 
properly  formed  matter ; which  difcharge 
gradually  leflens,  according  as  the  limits 
of  the  fore  contract,  till  it  is  quite  cured. 
In  thefe  cafes  the  gentlefl:  electrization 
muft  be  ufed,  in  order  to  avoid  too  great 
an  irritation,  which  is  generally  hurtful. 
To  draw  or  throw  the  fluid  with  a wooden, 
or  even  with  a metal  point,  for  three  or 
four  miniites^r  day,  is  quite  fufficient. 

Cutaneous  eruptions  have  been  fuccefs- 
fully  treated  with  electrization ; but  in 
thefe  cafes  it  muft  be  obferved,  that  if  the 
wooden  point  is  kept  too  near  the  fkin,  10 
as  to  caufe  any  considerable  irritation,  the 
eruption  will  fometimes  be  caufed  to  fpread 
more ; but  if  the  point  be  kept  at  about  fix 
inches  diftance,  or  farther,  if  the  eledtrical 

♦ \ . 1 v r \ * ! . - 

machine  be  very  powerful,  the  eruptions 
will  be  gradually  diminifhed,  till  they  are 
quite  cured.  In  this  kind  of  difeafe,  the 
immediate  and  general  effecft  of  the  wooden 
point,  is  to  occafion  a warmth  about  the 
1 electrified 

1 • 
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electrified  part,  which  is  always  a fign  that 
the  electrization  is  rightly  adminiftered. 

The  application  of  EleCtrkity  has  per- 
fectly cured  various  cafes  of  St . Vitus's 
Dance i or  of  that  difeafe  which  is  com- 
monly called  fo ; for  it  is  the  opinion  of 
fome  learned  phyftcians,  that  the  real 
difeafe  called  St.  Vitus’s  Dance,  which 
formerly  was  more  frequent  than  it  is  at 
prefent,  is  different  frbm  that  which  now 
goes  under  that  name.  In  this  difeafe, 
fhocks  of  about  one-tenth  of  an  inch  may 
be  lent  through  the  body  in  various  direc- 
tions, and  alfo  fparks  may  be  taken.  But 
if  this  treatment  prove  very  difagreeable 
to  the  patient,  then  the  fhocks  muft  he  left* 
fened,  and  even  omitted  : inftead  of  which, 
fome  other  more  gentle  applications  muft 
be  fubftituted. 

.*  « 

Scropbulous  rumors , when  they  are  juft 
beginning,  are  generally  cured  by  drawing 
the  eleCtric  fluid  with  a wooden  or  metal 
point  from  the  part.  This  is  one  of  thofe 
kinds  of  difeafes  in  which  the  aCtion  of 
EleCtricity  requires  particularly  the  aid  of 

L 4 other 
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other  medicines,  in  order  to  effedt  a cure 
more  eafily ; for  fcrophulous  affedtions  ge- 
nerally accompany  a great  laxity  of  the 
habit,  and  a general  cachexy,  which  muft 
be  obviated  by  proper  remedies 


In  cancers , the  pains  Only  are  moflly 
alleviated  by  drawing  the  eledtric  fluid 


with  a wooden  or  metal  point.  I know’ 
of  one  cafe  only,  in  which  a moft  con- 

i r " . J % 

firmed  cancer  of  very  long  Handing,  on 
•the  bread  of  a lady,  has  been  much  re- 
duced in.fize.  It  is  remarkable,  that  this 
patient  was  fo  far  relieved  by  drawing  the 
fluid  with  a metal  point  from  the  part, 
that  the  excruciating  pains  fhe  had  differed 
for  many  years,  did  alrhod  intirely  difap- 
pear ; and  alfo,  that  when  the  eledtric  fluid 
was  drawn  by  means  of  a wooden  point, 
the  pains  did  rather  increafe.  This  perfon, 

when  I heard  of  her  lad,  was  ftill  under 

• * 

the  application  of  Eledtricity  ; and  the  can- 


cer leemed  not  unlikely  to  be  perfedtly 
cured,  although  contrary  to  the  expedtations 

even  of  the  judicious  phyfician  who  eledtri- 

* * ’ 

fied  her,  and  who  knows  too  well  the  na- 

* * s 

ttire  of  that  dangerous  difeafe. 
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Abfceffes,  when  they  are  in  their  begin- 
ning, and  in  general  whenever  there  is 
any  tendency  to  form  matter,  ele&rization 
difperfes  them.  Lately,  in  a cafe  in  which 
matter  was  formed  upon  the  hip,  called 

« ♦ t '' 

the  lumbar  abfcefs , the  difeafe  was  perfectly 
cured  by  means  of  Elediricity.  The  fciatica 
has  alfo  been  often  cured  by  it.  In  all  fuch 
cafes,  the  eledtric  fluid  muft  be  fent  through 
the  part  by  means  of  two  directors  applied 
to  oppolite  parts,  and  in  immediate  contadt 
either  with  the  fkin,  or  with  the  coverings, 
when  thefe  are  very  thin.  It  is  very  re- 
markable, that  the  mere  paffage  of  the 
eledtric  fluid  in  this  manner,  is  generally 
felt  by  the  patients  afflidted  with  thofe  dis- 
orders, nearly  as  much  as  a fmall  fhock  is 
felt  by  a perfon  in  good  health.  Sometimes 
a few  ihocks  have  been  alfo  given,  but  it 
feems  more  proper  to  omit  them  ; becaufe 
fometimes,  infteaa  of  difperfing,  they  rather 
accelerate  the  formation  of  matter. 

\ 

In  cafes  of  pulmonary  inflammations , when 
they  are  in  the  beginning,  eledlrization 
has  fometimes  been  beneficial ; but  in  con- 
firmed difeafes  of  the  lungs,  I do  not  know 

that 
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that  it  ever  afforded  any  tinqueftionable 
benefit ; however,  it  feems  that  in  fuch 
cafes  tile  power  of  Electricity  has  been  but 
feldom  tried. 

Nervous  head-achsy  even  of  a long  ftand** 
ing,  are  generally  cured  by  electrization* 
For  this  difeafe,  the  eleCtric  fluid  muff  be 
thrown  with  a wooden,  and  fometimes 
even  with  a metal  point,  all  round  the  head 

fuccefiively.  Sometimes  exceedingly  fmall 

» 

fhocks  have  been  adminiftered  y but  thefe 
can  feldom  be  ufed,  becaufe  the  nerves  of 
perfons  fubjeCt  to  this  difeafe  are  fc  very 
irritable)  that  the  fhocks,  the  fparks,  and 
fometimes  even  the  throwing  the  eleCtric 
fluid  with  a wooden  point  kept  very  near 
the  head,  throws  them  into  convulficns. 

The  application  of  EleCtricity  has  often 
been  found  beneficial  in  the  dropfy , when 
juft  beginning,  or  rather  in  the  tendency 
to  a dropfy ; but  it  has  never  been  of  any 
ufe  in  advanced  dropfies.  In  fuch  caies, 
the  eleCtric  fluid  is  lent  through  the  part, 
in  various  directions,  by  means  of  two 
directors,  and  fparks  are  alfo  drawn  acrofs 

the 
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the  flannel  or  the  cloaths ; keeping  the  metal 
rod  in  contrail  with  them,  and  (hiding  it 
continually  from  place  to  place.  This  ope- 
ration fhould  be  continued  at  lead  ten  mi- 
nutes, and  fhould  be  repeated  once  or  twice 
a day.— Perhaps  in  thofe  cafes,  a Ample 
electrization,  (viz.  to  infulate  the  patient, 
and  to  conned  him  with  the  prime  Con- 
dudor  whild  the  machine  is  in  adion) 
continued  for  a conflderable  time,  as  an  hour 
or  two,  would  be  more  beneficial. 

The  gouty  extraordinary  as  it  may  ap-* 
pear,  has  been  cured  by  means  of  Electricity, 
in  various  indances.  The  pain  has  been 
generally  mitigated,  and  fometimes  the 
difeafe  has  been  removed  fo  eflfedually 
as  not  to  return  again.  In  thofe  cafes,  the 
cledric  fluid  has  been  thrown  by  means  of 
a wooden  point,  although  fometimes,  when 
the  pain  was  too  great,  a metal  point  only 
has  been  ufed, 

* ** 

Agues  very  feldom  fail  of  being  cured  by 
Eledricity,  fo  that  fometimes  one  eledriza- 
tion,  or  two,  have  been  lufficient.  The 
mod  effedual  and  fure  method  has  been 

that 
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that  of  drawing  fparks  through  flannel,  of 
the  cloaths,  for  about  ten  minutes,  "or  £ 
quarter  of  an  hour.  The  patients  may  be 
electrified  either  at  the  time  of  the  fit,  or  a 
fhort  while  before  the  time  in  which  it  is 
expeCted. 

The  Jupprejjion  of  the  ordinary  periodical 
fluxes  of  women , which  is  a difeafe  that  often 
occafions  the  mod  difagreeable  and  alarming 

iymptoms,  has  been  often  cured  by  means  of 

> \ 

EleCtricity,  even  when  the  difeafe  has  been 
of  long  Handing,  and  after  the  mod  power- 
ful medicines  ufed  for  it  have  proved  inef- 
fectual. Great  attention  and  knowledge  is 
required,  in  'order  to  diftinguifh  the  arrefl: 
of  the  periodical  fluxes  from  a ftate  of  preg- 
nancy. In  the  former,  the  application  of 
EleCtricity,  as  we  obferved  above,  is  very 
beneficial,  whereas  in  the  latter,  it  may  be 
attended  with  very  difagreeable  eifeCts it  is 
therefore  a matter  of  great  importance  to 
afcertain  the  real  caufe  of  the  difeafe,  before 
the  EleCtricity  be  applied  in  thofe  cafes. 
Pregnant  women  may  be  electrified  for  other 
difeafes,  but  always  ufing  very  gentle  means, 
and  directing  the  eleCtric  fluid  through  other 

parts 
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parts  of  the  body,  diflantfrom  thofe  fubfer- 
vient  to  generation.  In  the  real  fuppreffion 
of  the  ufual  difcharges,  fmall  (hocks,  L e. 
of  about  one-twentieth  of  an  inch,  may 
be  fent  through  the  pelvis ; fparks  may  be 
taken  through  the  deaths  from  the  parts 
adjacent  to  the  feat  of  the  difeafe;  and  al- 
fo  the  eledric  fluid  may  be  tranfmitted  by 
applying  the  metallic  or  wooden  extremi- 
ties of  two  directors  to  the  hips,  in  con- 
tad  with  the  cloaths ; part  of  which  may 
be  removed  in  cafe  they  are  too  thick* 
Thofe  various  applications  of  Eledricity 
(hould  be  regulated  according  to  the  con- 
flitution  of  the  patient.  The  number  of 
fhocks  may  be  about  twelve  or  fourteen* 
The  other  applications  may  be  continued 
for  two  or  three  minutes ; repeating  the 
operation  every  day.  But  either  ferong 
fhocjts  or  a flxonger  application  of  Elec- 
tricity, than  the  patient  can  conveniently 
bear,  fliould  be  carefully  avoided;  for  by 
thofe  means,  fometimes  -more  than  a fuf- 
ficient  difeharge  is  occafioned,  which  is  not 
eafiiy  cured..  In  cafes  of  uterine  haemor- 
rhages, I don’t  know  that  the  application  of 
Eledricity  was  ever  beneficial,  neither  that 

it 
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it  has  been  often  tried. — Perhaps  a very- 
gentle  electrization,  as  to  keep  the  patient 
infulated  and  connected  with  the  prime 
Conductor,  whilft  the  eleCtrical  machine  is. 
in  aCtion,  may  be  of  fome  benefit. 

/ . • X ' f . 

In  refpeCt  to  unnatural  difcharges  and 
fluxes  in  general,  it  may  be  obferved,  that 
fome  difcharges  are  quite  unnatural  or  ad- 
ventitious, as  the  fiftula  lacrymalis,  and 
fome  fpecies  of  the  venereal  difeafe ; but 
others  are  only  increafed  natural  difcharges, 
fuch  as  the  rnenfes,  perfpiration,  &c.  Now 
the  power  of  EieCtricity,  in  general,  has 
been  found  more  beneficial  for  the  firfl, 
than  for  the  fecond  fort  of  difcharges, 
which  are  moftly  increafed  by  it. 

In  the  'venereal  difeafe  electrization  has 
been  generally  forbidden  ; having  moftly 
increafed  the  pains,  and  other  fymptoms, 
rather  than  diminifhed  them.  Indeed, 
confidering  that  any  fort  of  ftimulus  has 
been  found  hurtful  to  perfons  afflicted 
wfith  that  diforder,  it  is  no  wonder  that 
EieCtricity  has  produced  fome  bad  effeCts, 
efpecially  in  the  manner  it  was  admini- 

ftered 
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tiered  fome  time  ago,  viz.  by  giving  ftrong 
Shocks.  However,  it  has  been  lately  ob- 
served, that  a very  gentle  application  of 
Electricity,  as  drawing  the  fluid  by  means 
of  a wooden  or  metal  point,  is  peculiarly 
beneficial  in  various  cafes  of  this  kind, 
even  when  the  difeafe  has  been  of  long 
ftanding.  Having  remarked  above,  that 
tumors,  when  juft  beginning,  are  difperf- 
ed,  and  that  unnatural  difcharges  are  gra- 
dually fuppreffed  by  a judicious  electriza- 
tion ; it  is  fuperfiuous  to  defcribe  particu- 
larly thofe  ftates  of  the  venereal  difeafe  211 
which  EleCtricity  may  be  applied;  it  is 
only  necefiary  to  remind  the  operator,  to 
avoid  any  confiderable  ftimulus  in  cafes  of 
this  fort. 

The  application  of  EleCtricity  has  been 
found  alfo  beneficial  in  other  difeafes 
befides  thofe  mentioned  above ; but  as  the 
faCts  are  not  fufflciently  numerous,  fo  as  to 
afford  the  deduction  of  any  general  rules* 
I have  not  thought  proper  to  take  any  par- 
ticular notice  of  them  ; efpecially,  becaufe 
the  effeCts  of  EleCtricity  on  the  human 
body,  in  various  eircum  fiances,  have  been 
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already  fufficiently  co  fidered  under  gene* 
ral  and  comprehenfive  heads. 

We  may  laftly  obferve,  that  in  many 
cafes,  the  help  of  other  remedies  to  be 
prefcribed  by  the  gentlemen  of  the  faculty, 
is  required  to  affift  the  aCtion  of  Eledtricity, 
which  by  itfelf  would  perhaps  be  ufelefs ; 
and  on  the  other  hand,  electrization  may 
often  be  applied  to  affift  the  aCtion  of  other 
remedies,  as  of  fudorifics,  (lengthening  me* 
dicines,  &c, 

“ While  I was  writing  fome  of  the 

tc  above  cafes,”  fays  Mr.  Becket,  “ anob- 

/ 

u fervation  or  two  occurred  to  me,  which, 
u though  perhaps  of  no  great  confequence, 
“ may  not  be  amifs  to  mention,  as  every 
*c  particular  effeCt  of  Eledtricity  feems  to 
“ be  worthy  of  notice, 

“ One  circumftance  attending  fome  of 

u the  preceding  cures,  particularly  that 

* 

“ of  the  paralytic , related  by  Mr.  Jones, 
u was  a freffi  and  copious  difcharge  of  the 
“ hlijlers , which  had  been  previoufly  ap- 

4*  plied 
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*c  plied  to  the  patients.  — This,  I think, 
44  feems  to  be  a pretty  general  confequence 
44  of  electrification  5 at  leaft,  I have  myfelf 
44  known  many  inftances  of  it;  particu- 
44  larly  in  one  gentleman,  whom  I elec- 
44  trified  for  a paralytic  complaint,  and 
“ who  had  a blilier  applied  to  the  back 
“ part  of  his  neck.  He  informed  me, 
44  that,  in  the  night  after  his  being  elec- 
44  trified  the  preceding  day,  he  found  a 
44  much  more  copious  difcharge  from  the 
44  blitter  than  at  other  times ; though  the 
44  operation  was  no  more  than  his  ttand- 
44  ing,  for  about  a quarter  of  an  hour,  on 
44  the  infulated  ftool,  while  fparks  were 
44  drawn  from  the  fide  of  his  face.  From 
44  hence  it  appears  not  impoffible,  that,  in 
44  fome  cafes,  blitters  may  be  attended  with 
44  peculiar  benefit,  during  a courfe  of  elec- 
44  trical  treatment ; in  others,  perhaps,  it 
44  might  be  worth  while  to  make  life  of 
44  EleCtricity,  merely  to  obtain  a favourable 
44  difcharge  from  the  blitters,” 
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Authentic  phyfical  Cafes , in  which  Electricity 

was  adminifered . 

CASE  I. 

The  particulars  of  the  following  cafe 
were  communicated  to  me  by  Mr.  Par- 
tington. 


Daniel  WvscoYL,aged  thirty-fix,  of 
a ftrong  robuft  conftitution,  was  fent  from 
the  Weftminfter  Difpenfary,  in  Gerard - 
ftreet,  to  Mr.  Partington,  in  order  to 
be  eledlrified  for  a violent  inflammation  in 
both  his  eyes.  The  account  he  gave  of 
his  diforder,  was  the  following  : — Several 
dark  objedts  of  different  fhapes  and  fizes, 
feemed  at  firft  to  obftrudt  his  fight.  This 
was  fucceeded  by  an  inflammation  in  both 
his  eyes,  which  increafed  with  fuch  rapi- 
dity, that  in  a week's  time  he  was  brought 
to  the  decree  of  blindnefs  that  afflidted 
him  till  he  was  eledtrified.  He  was  im- 
mediately recommended  to  the  Weftmin- 
iter  Difpenfary,  where  every  poffible  at- 
tention 1 was  paid  to  his  misfortune  by 

Mr. 
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Mr.  Ford,  the  furgeon  of  that  place; 
but  the  obftinacy  of  the  diforder  was  fuch, 
that  every  endeavour  made  towards  the 
relief  of  this  poor  man  proved  ufelefs. — 
Blifters  and  leeches,  befides  the  other  ufual 
means,  were  applied  without  any  efficacy 
whatever. 

About  two  months  after  the  commence- 
ment of  the  inflammation,  Mr.  Ford  re- 
commended him  to  Mr.  Partington; 
who,  on  examining  him,  found  that  the  eye- 
lids could  not  be  opened  without  the  help 
of  the  fingers,  and  that  when  opened,  the 
coats  of  the  eye  appeared  of  an  uniform  red 
colour.  The  fight  of  the  right  eye,  which 
was  the  moft  affeded,  was  fo  far  impaired, 
that  when  it  was  turned  towards  a window, 
the  eye-lids  being  forced  open,  he  could 
perceive  only  a red  glare  of  light  like  a ball 
of  fire ; but  the  reft  of  the  room  feemed  to 
be  equally  dark,  fo  that  he  could  not  diftin- 
guifli  anyobjed  in  it.  With  the  left  eye  he 
could  diftinguifh  colours,  and  the  fhapes  of 
objeds  that  were  held  to  him,  but  in  their 
fizes  he  was  commonly  miftaken.  This 
diforder  was  accompanied  with  excruciating 

M 2 pains. 
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pains,  drifting  from  one  part  to  the  other* 
but  principally  infixing  on  his  temples,  and 
fometimes  darting  to  the  back  part  of  his 
head,  or  to  the  centre  of  his  eyes, 

Mr.  Partington  began  to  electrify 
him  the  21ft  of  Gdtober,  1 776  ; and  three 
days  after  the  inflammation  began  vifibly  to 
abate,  and  in  a fortnight’s  time  it  was  quite 
fubfided;  but  the  pupil  of  the  eye  was  fo 
nearly  clofed,  that  fcarce  any  of  it  could 
be  feen.  He  continued  to  be  electrified 
every  day  for  five  weeks,  and  the  pupil 
gradually  dilated,  till  he  attained  a degree 
of  fight  fufficient  to  diftinguifh  objects 
on  the  other  fide  of  the  way.  The  pains 
had  now  entirely  left  him,  fo  that  he 
emitted  the  ufe  of  Electricity,  and  did  not 
experience  any  farther  inconvenience  after 
it. 

This  remarkable  cure  was  effected  by 
throwing  the  ftream  of  electric  fluid  with 
a metal,  and  with  a wooden  point.  The 
firft  inftrument  nfed,  which  was  contrived 
by  the  late  Mr.  Ferguson,  confifted  in  a 
pointed  brafs  wire,  fattened  by  means  of 

a cork 
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a cork  at  the  fmaller  end  of  a conical  glafs, 
open  at  both  ends,  and  palling  through 
the  axis  of  this  conical  or  funnel-like 
glais,  its  point  came  within  about  half  an 
inch  of  the  larger  aperture  of  the  glafs. 
This  inftrument  being  ddigned  to  throw 
the  ele&ric  fluid  upon  the  eye,  was  to  be 
fixed  fo  that  the  larger  aperture  of  the  glafs 
furrounding  the  eye  kept  its  lids  open,  and 
the  point  of  the  wire  was  oppofite  to  the 
pupil,  and  at  about  half  or  one  inch  from  it. 
With  this  inftrument  it  was  obferved  that 
a fpark  often  proceeded  from  the  point  of 
the  wire,  which  occalioned  jan  infufferable 
pain  ; for  which  reafon  Mr.  Partington, 
who  fpares  no  pains  to  advance  this  branch 
of  ph}  fie,  thought  of  improving  this  inftru- 
ment, by  fixing  a wooden  point  upon  the 
pointed  wire,  by  which  means  the  former 
inconvenience  was  entirely  removed,  and 
the  ftream  of  eletftric  fluid  was  rendered 
more  efficacious,  and  more  eaiily  manage- 
able.. 

This,  as  far  as  I am  informed,  was  the 
firft  time  that  this  moft  excellent  method 
of  throwing  the  ele&ric  fluid,  viz.  with  a 
wooden  point,  was  ufed. 

M 3 
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N.  B.  The  directors  defcribed  in  the  pre- 
ceding pages,  the  principal  of  which  were 
contrived  by  Mr.  Partington,  anfwer 
every  required  purpofe,  much  better  than 
Mr.  Ferguson’s  inftrument;  the  conical 
glafs  being  of  no  ufe. 

CASE  II. 

/ * 

The  following  cafe  is  related  by  Mr. 
Lovett,  in  his  Electricity  rendered  ufeful : 

“ Having  obferved  the  great  efficacy  of 
the  electrical  aither,  in  foon  relieving  moft 
kinds  of  inflammations,  I was  inclined  to 
think  the  fame  falutary  effeCts  would  ap- 
pear when  applied  to  the  St.  Anthony’s 
Fire ; but  when  a cafe  of  that  fort  offered, 
the  inflammation  was  fo  great,  that  at  firlb 
fight  I almoft  defpaired  of  fuccels. 

About  the  middle  of  the  day  I made 
the  firff  trial,  and  before  night  the  fwelling 
was  much  abated,  and  in  a few  days  quite 
cured. 

■>  • 

\ , y \ /.  . 

“ The  operation  was  limply  drawing 
fparks  with  a finger,  or  an  iron  ffyle,  while 
5 the 
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the  perfon  was  eledtrified  on  the  infuriating 
ftool.” 

CASE  IIL 

The  following  cafe  is  alfo  related  by 
Mr,  Lovett  : 

<c  Ann  Thompson,  in  Little  Fifh-ftreet, 
Worcefter,  was  troubled  with  a fiftula  near 
the  inner  corner  of  her  eve,  which  broke 
out,  and  healed,  no  lefs  than  feven  times. 
The  laft  time  it  healed,  it  continued  well 
for  fome  time;  after  which  it  began  with  a 
fmall  fwelling,and  continued  growing  larger, 
till  it  was  as  big  as  a filbert  when  file  was 
advifed  to  try  Eledtricity.  After  the  fwel- 
ling  was  eledtrified,  it  foon  decreafed,  till  it 
was  entirely  difperfed  ; and  has  continued 
well  for  more  than  two  years,  without  the 
lead:  fymptom  of  any  return  of  the  diforder, 
•—The  operation  was  fimply  drawing  fparks 
from  the  part  affedted. 
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CASE  IV. 

The  late  Mr.  Ferguson  being  at  Brif- 
tol,  was  feizecl  with  a violent  fore  throat, 
fo  that  he  could  not  fwallow  any  thing. 
Being  willing  to  try  the  power  of  Elec- 
tricity, Mr.  Ad  lam,  of  that  city,  per- 
formed the  operation  j which  was  merely 
drawing  fparks  from  the  throat.  The 
eledtrization  was  repeated  half  an  hour 
after,  and  was  attended  with  fo  good  and 
remarkable  an  effedt,  that  in  about  one 
hour's  time  Mr.  Ferguson  could  both  eat 
and  drink  without  pain. 

CASE  V. 

The  following  twp  cafes  are  related  by 
MivJohn  Birch,  Surgeon. 

“ A young  woman,  at  the  age  of  twenty- 
two,  delired  my  advice  for  a tumor  on  her 
thigh,  which  followed  an  unhappy  acci- 
dent fhe  met  with  two  years  before.  Her 
cafe  was  attended  with  many  complicated 
fymptoms,  and,  among  them,  a fuppref- 

fion 
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lion  of  the  menfes,  which  had  lafted  feven 
months.  I thought  it  right  to  relieve,  if 
poflible,  this  fymptom,  before  I proceeded 
to  perform  the  operation,  which  was  ne- 
celTary  for  the  tumor. 

“ For  three  fucceflive  days  I palled  fome 
eleftric  Ihocks  through  the  region  of  the 
pelvis  ; and  on  the  fourth,  Ihe  was  attack- 
ed with  a violent  pain  in  her  lide,  which 
left  her  on  apolying  the  Ihocks  to  that  part. 
In  about  three  hours  it  returned,  and  I was 
fent  for.  I repeated  the  Ihocks,  and  the 
pain  again  vanilhed.  I vifited  her  fix  hours 
after,  when  the  pain  had  begun  to  attack 
the  fide — I pafled  a ftronger  Ihock,  which 
removed  it,  and  Ihe  flept  well  the  whole 
night,  i he  next  day,  being  the  fifth,  the 
menfes  appeared,  and  flowed  gently  for 
three  days  j but  ceafing  then,  the  pain  of 
the  fide  returned,  and  was  fo  violent,  that 
I was  lent  for  in  a hurry.— When  I came 
to  her,  I found  her  in  great  agony;  but  be- 
ing informed  of  the  caufe,  I begged  to 
make  trial  of  Eledtricity  once  more,  which 
Ihe  readily  conl'ented  to,  as  Ihe  had  ex- 
perienced fuch  inftantaneous  relief  before. 

~—On 
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— On  its  application,  the  pain  ceafed. — A 
very  fhort  time  after,  the  flux  came  on,  and 
continued  two  days.— I attended  her  for 
feveral  weeks  after,  upon  the  former  ac- 
count, and  had  the  pleafure  to  fee  her  re- 
cover from  all  her  complaints.” 

CASE  VI. 

“ I was  fent  for  to  a lady,  who  had 
been  afflidted  with  oainful  ulcers  on  both 

. 1 

her  legs,  for  more  than  fifteen  months. 
— They  came  after  a lying-in,  and  had 
never  healed.  The  legs  were  fwelled,  but 
the  ulcers  had  no  malignant  appear- 
ance.— She  told  me,  that  fince  her  laft 
mifcarriage,  which  was  then  more  than 
ten  months,  fhe  had  never  been  regular. — 
She  attributed  the  pain  and  fwelling  of 
her  legs  to  that  caufe ; and,  upon  enquiry, 
I found  that  fhe  was  fenflble  of  an  endea- 
vour of  nature  to  relieve  herfelf  at  regular 
periods,  and  that  the  pain  fine  fuffered  at 
thole  times  was  alleviated  by  a bloody  dif- 
charge  from  the  ulcers.  — I applied  the 
proper  dreflings  and  bandages  to  the  parts, 
and  waited  the  approach  of  that  period. 

In 
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In  about  ten  days,  a pain  feized  her  back, 
and  Ihe  began  to  complain  of  her  legs : I 
then  eledfrified  her  ; and  the  next  day  fhe 
was  taken  out  of  order,  and  continued  io 
the  whole  week. — T he  ulcers  mended  from 
that  time,  and  were  healed  in  three  weeks 
afterwards.” 

The  reader  may  reft  aflured,  that  cafes 
of  this  fort  are  fo  frequent,  that  perhaps 
Electricity  may  be  coniidered  as  a fure  re- 
medy for  the  arreft  of  thofe  natural  fluxes. 

CASE  VII. 

The  following  cafe  is  extracted  from  the 
lx vi nth  volume  of  the  Philofophical 
Tran  factions. 

^ 5^  i » ; * ‘ • >rr  J I } » k p V . 

A Cure  . of  a mufcular  Contraction  by 'Elec- 
tricity. By  Mr.  Miles  Partington, 
in  a Letter  to  Wm.  Henly,  F.  R.  S. 

f . ♦ ■>  > i\  t-  ' ' ■ " r "•  **  ••  \r'A  ■ * 

Cbarles-Jireet , Cavendijh-fquarc , 
June  13,  1777. 

“DEAR  SIR, 

“ It  is  fome  time  fince,  you  informed 
“ nie  that  you  had  mentioned  to  Sir  John 

“ Pringle, 


■v 
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**  Pringle,  Mifs  Lingfield’s  cure  by 
u Eleftricity ; that  it  excited  his  attention  ; 
*4  and  was  his  opinion,  that  the  com- 
u munication  of  it.  to  the  Royal  Society 
“ would  be  deemed  important  and  ufeful. 
**  I hope  you  will  not  blame  my  delay  in 
the  compliance  with  your  requeft.  I 
“ have  waited  for  no  other  purpofe,  than 
€C  to  obtain  the  late  ft  account  of  the  per- 
“ manency  of  thofe  good  eifedts,  which 
“ Hie  had  then  but  recently  experienced, 
“ from  our  eledtrical  experiments  upon 
**  her.  Of  thefe  advantages  we  have  both 
44  had  repeated  confirmation  ; and  I may 
“ now,  I believe,  with  flridt  propriety, 
**  from  the  notes  I made  for  my  own  fatis- 
“ fadtion,  fubmit  the  following  particulars 
“ of  them  to  the  infpedtion  of  whomfover 
your  judgment  fhall  diredt,  or  to  appro- 
priate  them  to  any  other  purpofe  you- 
pleafe.  As  you  were  prefent  when  I firft 
“ waited  on  this  unhappy  young  lady,  you 
will  recolledi  the  condition  in  which  we 
found  her.  Pier  head  was  drawn  down 
over  her  right  fhoulder;  the  back  part 
of  it  was  twilled  fo  far  round,  that  her 
face  turned  obliquely  towards  the  oppo~ 

“ fite 
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*c  fite  fide,  by  which  deformity  fhe  was 
“ difabled  from  feeing  her  feet,  or  the  fteps, 
4€  as  (lie  came  down  ftairs.  The  Jlerna- 
“ mojioideus  mufcle  was/  in  a date  of  con- 
“ traCtion  and  rigidity.  She  had  no  ma- 
“ terial  pain  on  this  fide  of  her  neck ; but, 
“ owing  to  the  extreme  tenfion  of  the 
“ teguments  of  the  left  fide,  fhe  had  a pain 
€€  continually,  and  often  it  was  very  vio.- 
“ lent,  particularly  in  fudden  changes  of 
“ the  weather.  Her  pulfe  was  weak, 
“ quick,  and  irregular.  She  was  fubjedt 
“ to  a great  irritability ; had  frequently  a 
<f  little  fever,  which  came  on  of  an  even- 
“ ing,  and  left  her  before  morning:  her 
“ fpirits  were  generally  exceedingly  op- 
“ preiTed ; and  at  times  hie  was  (lightly 
“ paralytic. 

<c  She  dated  the  origin  of  her  diforder 
at  lomething  more  than  two  years  from 
tc  that  period.  She  was  fuddenly  feized, 
“ going  out  of  a warm  room  into  the  cold 
“ air,  v/ith  a pain  upon  the  back  of  her 
“ head,  which  admitted  of  fmail  abate - 
<(  ment  for  feme  months,  contracting  gra- 
dually  the  mufcles  to'  the  melancholy 
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“ deformity  we  then  beheld ; and  not- 
“ withftanding  every  prudent  means  had 

been  ufed  to  fubdue  it,  and  die  ftriCtly 
“ adhered  to  every  article  prefcribed  to  her 
<c  by  the  faculty,  die  was  fenfible  of  little 
“ variation  fince,  and  that  rather  on  the 
“ unfavourable  fide. 

“ I urged  her  to  make  a trial  of  EleCtri- 
“ city.  She  was  willing  while  fhe  was  in 
“ London  to  try  the  experiment ; and 
“ though  the  weather  was  remarkably 
“ tempeftuous,  (lie  came  to  me  the  firft 
u tolerable  day,  and  was  electrified  the  firft 
“ time,  February  18,  1777. 
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“ I placed  her  in  an  infulated  chair,  and, 
connecting  it  by  a chain  to  the  prime 
Conductor  of  a large  eleCtrical  machine, 
I drew  ftrong  fparks  from  the  parts  af- 
feCted,  for  about  four  minutes,  which 
brought  on  a very  profufe  perfpiration 
(a  circumftance  fhe  had  been  unaccuf- 
tomed  to)  which  feemed  to  relax  the 

to  a confiderable  degree; 
gave  her  a good  deal  of 
pain,  I defifted  from  drawing  them,  and 

“ only 
¥ 


mojloideus  mufcle 
but  as  the  fpark; 
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« only  fubjedted  her  a few  minutes  longer 
« to  the  admiffion  of  the  fluid,  which  paffed 
“ off  without  interruption  from  the  pores 
iC  of  her  fkin  and  adjacent  parts.  The  next 
“ time  flie  came  to  me,  was  the  24th  of 
“ the  fame  month.  As  fire  had  been  in  the 
“ afternoon  of  the  firft  day's  experiment  a 
“ good  deal  difordered,  I changed  the  mode 
“ of  conducing  the  operation,  and  fat  her  in 
u a common  dining  chair,  while  I dropped, 
“ for  five  minutes,  by  the  means  of  a large 
“ difcharging  rod  with  a glafs  handle,  very 
H ftrong  lparks  upon  the  % nojioideus  mufcle, 
“ from  its  double  origin  at  the  Jiernum  and 
“ clavicula  to  its  infertion  at  the  back  of  the 
head.  She  bore  this  better  than  before, 
**  and  the  fame  good  effedt  followed  in  a 
<c  greater  degree,  and  without  any  of  the 
“ fubfequent  inconveniences.  I faw  her 
“ the  third  time  on  the  27th.  She  allured 
“ me  fire  had  efcaped  her  feverifh  fymp- 
toms  of  an  evening,  and  that  her  fpi- 
“ r,its  were  raifed  by  the  profpedt  of  getting 
“ well ; that  fince  the  la  ft  time  I electri- 
“ fied  her,  fhe  had  more  freedom  in  the 
“ motion  of  her  head,  than  fhe  had  ever 
“ experienced  fince  the  firft  attack  of  her 

“ diforder. 
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“ diforder.  I perfifted  in  electrifying  her 
€€  after  the  fame  manner,  March  3d,  5th, 
4€  6th,  7th,  and  9th;  from  each  time  (he 
49  gained  fome  advantage,  and  her  feverifh 
99  tendency  and  nervous  irritability  went  off 
99  entirely, 

99  The  weather  now  fetting  in  very  un- 
99  favourable,  and  fearful  of  lofing  the 
f4  advantages  we  had  happily  reaped  from 
99  our  early  efforts,  I requeued  the  favour 
tc  of  you,  as  the  next-door  neighbour,  to 
99  electrify  her  every  evening  while  fhe 
49  was  in  town,  and  fhe  might,  if  any  al- 
99  teration  took  place,  fee  me  occafionally. 
99  Fortunately  for  her,  you  accepted  the 

i ~ 

9C  propofal ; and  to  your  judgment  and 
99  caution  in  the  conduct  of  it,  for  the  next 
99  fortnight  (three  evenings  only  excepted) 
99  you  brought  about  the  happy  event ; and 
99  have  received  her  teftimony  of  gratitude, 
99  for  relieving  her  from  a condition,  under 
99  which  life  could  not  be  defirable,  to  a 
“ comfortable  affociation  with  her  family 
99  and  friends. 

99  I am,  &c” 

“ The 


r 
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cc  The  method  I purfued  was,  to  place 
the  lady  upon  a ftool  with  glafs  legs,  and  to 
draw  ftrong  fparks,  for  at  leaft  ten  minutes, 
from  the  mufcles  on  both  fideS  of  her  neck. 
Befides  this,  I generally  gave  her  two  fhocks^ 
from  a bottle,  containing  fifteen  fquare 
inches  of  coated  furface,  fully  charged, 
through  her  , neck. /and  one  of  her  arms, 
eroding  the  neck  in  different  directions. 
This  treatment  £he  fubmitted  to  with  a 
proper  refolution ; and  it  gave  me  fincere 
pleafure  to  find  it  attended  with  the  defired 
fuccefs. 

W.  Henly  ” 
CASE  VIII. 

The  following  cafe  is  extracted  from  the 
ixixth  vol.  of  the  Philofophical  Tranf- 
adions. 

/ 

( „•  V * » - , -«  . ^ . . 

An  Account  of a Cure  of  the  St.  Vitus’s  Dance , 

by  Electricity . In  a letter from  Anthony 
Fothergii.l,M.D.  F.  R.  $.  <#  North- 

f » Wr 

ampton,  to  W.Henly,  F.  R.  S. 

Northampton , Oft.  28,  1778, 

SIR, 

Agreeable  to  my  promife,  I now  pro- 
ceed  to  give  you  fopae  account  of  a recent 
- Vol.  II,  " N 


cure 
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cure  performed  by  Electricity,  which  will* 
I think,  afford  you  much  pleafure. 

Ann  Agutter,  a girl  of  ten  years  of 
age,  of  a pale  emaciated  habit,  was  admitted 
an  out-patient  at  the  Northampton  Hofpi- 
tal  on  the  6th  of  June  laft.  From  her 
father’s  account  it  appeared  (for  fhe  was 
fpeechlefs,  and  with  difficulty  fupported 
from  falling  by  two  affiftants)  that  fhe  had 
for  fix  weeks  laboured  under  violent  con- 
vulfive  motions,  which  aflfeCted  the  whole 
frame,  from  which  fhe  had  very  ffiort  in- 
termiffions,  except  during  deep ; that  the 
difeafe  had  not  only  impaired  her  memory 
and  intellectual  faculties,  but  of  late  had 
deprived  her  of  the  ufe  of  fpeech. 

Volatile  and  fetid  medicines  were  now 
recommended,  and  the  warm  bath  every 
other  night,  but  with  no  better  fuccefs, 
except  that  the  nights,  which  had  been 
reftlefs,  became  fomewhat  more  compofed. 
Biifters  and  anti-fpafmodics  were  directed, 
and  particularly  the  flowers  of  zinc,  which 
were  continued  till  the  beginning  of  July, 
but  without  the  leaft  abatement  of  the 

v fymptoms ; 
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fymptoms ; when  her  father  growing  im- 
patient of  fruitlefs  attendance  at  the  hofpi- 
tal,  I recommended,  as  a dermer  refort,  a 
trial  of  Ele&ricity,  under  the  management 
of  the  Rev.  Mr.  Underwood,  an  ingeni- 
ous electrician.  After  this  I heard  no  more 
of  her  till  the  firft  of  Au grift,  when  her  fa- 
ther  came  to  inform  me  that  his  daughter 
was  well,  and  deli  red  flic  might  have  her 
difcharge.  To  which,  after  expreffing  my 
doubts  of  the  cure,  I confentedj  but  fhould 
not  have  been  perfectly  convinced  of  it,  had 
I not  received  afterwards  a full  confirmation 
of  it  from  Mr.  Underwood,  dated  Sep- 
tember 16 ; an  extradt  from  whofe  letter  I 
will  now  give  you  in  his  own  words. 

“ I have  long  expected  the  pleafure  of 
€C  feeing  you,  that  1 might  inform  you  how 
“ I proceeded  in  the  cure  of  the  poor  girl. 
“ As  the  cafe  was  particular,  I have  been 
“ very  minute,  and  with  you  may  find 
“ fomething  in  it  that  may  be  uleful  to 
“ others.  If  you  think  it  proper,  I beg  you 

will  ftate  the  cafe  medically,  and  make  it 
“ as  public  as  you  pleafe. 

N 2 
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“ July  5.  On  the  glafs-footed  ftool  for 
tc  thirty  minutes : fparks  were  drawn  from 
u the  arms,  neck,  and  head,  which  caufed 
“ a confiderable  perforation,  and  a rafli 
“ appeared  in  her  forehead.  She  then  re- 
u ceived  fliocks  through  her  hands,  arms, 
“ breafts,  and  back ; and  from  this  time 
“ the  fymptoms  abated,  her  arms  begin- 
“ ning  to  recover  their  ufes 

iC  July  13.  On  the  glafs-footed  ftool 
“ forty-five  minutes ; received  ftrong  fliocks 

through  her  legs  and  feet,  which  from 
“ that  time  began  to  recover  their  wonted 
<<  ufes  ; alfo  four  ftrong  fliocks  through 
“ the  jaws,  foon  after  which  her  fpeech 
sc  returned, 

“ July  23.  On  the  glafs-footed  ftool 
« for  the  fpace  of  one  hour : fparks  were 
« drawn  from  her  arms,  legs,  head,  and 
“ breaft,  which  for  the  firft  time  flie  very 
“ fenfibly  felt ; alfo  two  fliocks  through 
u the  fpine.  She  could  now  walk  alone; 
“ her  countenance  became  more  florid, 
u and  all  her  faculties  feemed  wonderfully 

* The  coated  bottle  held  near  a quart. 

“ ftrengthened ; 
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4i  flrcngthened;  and  from  this  time  fhe 
“ continued  mending  to  a date  of  perfect 
u health. 

Every  time  fhe  was  eledrified  pofi- 
fe  tively,  her  pulfe  quickened  to  a great 
“ degree,  and  an  eruption,  much  like  the 
%c  itch,  appeared  in  all  her  joints/' 

Thus  far  Mr.  Underwood.  To  com- 
plete the  hidory  of  this  fingular  cafe, 
I this  day  (Od.  28)  rode  feveral  miles,  on 
my  return  from  the  country,  to  vifit  her ; 
and  had  the  fatisfadion  to  find  her  in  good 
health,  and  the  above  account  verified  in 
every  particular  $ with  this  addition,  that 
at  the  beginning  of  the  difeafe,  fhe  had 
but  flight  twitchings,  attended  with  run- 
ning, daggering,  and  a variety  of  invo- 
luntary gediculations,  which  diftinguifh  the 
St.  Vitus's  Dance ; and  that  thefe  fymp- 
toms  were  afterwards  fucceeded  by  convul- 
fions,  which  rendered  it  difficult  for  two 
aflidants  to  keep  her  in  bed,  and  which 
foon  deprived  her  of  fpeech  and  the  ufe  of 
her  limbs.  The  eruptions  which  appeared 
on  the  parts  eledrified  foon  receded, 

N 3 without 
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without  producing  any  return  of  the  fymp- 
toms,  and  therefore  could  not  be  called 
critical,  but  merely  the  effeCt  of  the  electri- 
cal ftimulus.  Having  given  her  parents 
fome  general  directions  as  to  her  regimen, 
&c.  I took  my  leave,  with  a ftrong  injunc- 
tion to  make  me  acquainted,  in  cafe  fhe 
fhould  happen  to  relapfe.  Before  I con- 
elude,  it  may  not  be  improper  to  obferve, 
that  fome  time  ago,  I was  fortunate  enough 
to  cure  a boy  who  had  long  had  the  St* 
Vitus’s  Dance  (though  in  a much  lefs  de- 
gree) by  EleCtricity.  A violent  convullive 
difeafe,  fomewhat  fimilar  to  the  above, 
though,  if  I recolleCt  right,  not  attended 
with  the  aphonia , was  fuccefsfuliy  treated 
in  the  fame  way  by  Dr.  Watson,  and  is 
recorded  in  the  Philofophical  TranfaCtions. 
May  we  not  then  conclude,  that  thefe  faCts 
alone,  and  more  might  perhaps  be  produc- 
ed, are  fufficient  to  intitle  EleCtricity  to  a 
diltinguifhed  place  in  the  clafs  of  anti-fpaf- 
modics  i 

. .a  I am,  &c. 


CASE 
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CASE  IX. 

The  following  is  one  of  thofe  cafes  in 

which  the  life  of  Electricity  was  attended 
with  bad  fuccefs : this  cafe  was  related  by 
Dr.  Hart  of  Shrewfbury.  See  the  Philofo- 
phical  TranfaCtions,  Voh  xlviii. 

A girl,  aged  about  fixteen,  whofe  right 
arm  was  paralytic,  being  electrified  the 
fecond  time,  became  intirely  paralytic,  and 
remained  in  that  ftate  for  about  a fortnight ; 
then  the  fuperadded  paralily  was  removed, 
by  means  of  fome  medicines ; but  the  arm 
which  was  before  paralytic,  remained  fo. 
It  fhould  be  alfo  added,  that  this  arm  was 
very  much  wafted  in  comparifon  to  the 
other.  Notwithftanding  the  firft  bad  ac- 
cident, it  was  refolved  to  make  another 
trial  of  EleClricity.  But  after  uiing  this  treat- 
ment for  three  or  four  days,  ftie  became 
again  univerfally  paralytic,  and  even  loft 
her  voice,  and  could  fwallow  with  difficul- 
ty. This  fecond  accident  plainly  fhewed 

N 4 the 
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the  bad  effeCts  of  EleCtricity  in  that  cafe, 
and  the  girl,  although  afterwards  relieved 
pf  her  additional  paralify,  remained  in  the 
fame  ftate  {he  was  before  the  ufe  of  Elec- 

. v v * h.  ; , 

tricity. 

r f 

In  this  cafe,  it  is  fufpeCted  that  Electri- 
city was  improperly  managed ; at  that  time 
it  being  ufual  to  give  ftrong  fhocks,  which 
perhaps  were  pernicious  in  the  above-men- 
tioned  cafe. 


CASE  X. 

The  following  cafe  was  performed  under 
the  direction  of  the  late  Sir  Wm.  Wat- 

' * • . » . .i  r. 

son,  F*  S. 

♦ '.u  f • ■ 

A girl  belonging  to  the  Foundling-hofpi- 
tal,  aged  about  feven  years,  being  firft  feiz- 
ed  with  a diforder  occafioned  by  the  worms, 
was  at  laft,  by  an  univerfal  rigidity  of  the 
mufcles,  reduced  to  fuch  a ftate,  that  her 
body  feemed  rather  dead  than  alive.  After 
that  other  medicines  had  been  ineffectually 

adminiftered 
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adminiftered  for  about  one  month,  (he  was 
at  laft  electrified  intermittedly  for  about 
two  months,  after  which  time  fhe  was  fo 
far  recovered,  that  fhe  could,  without  pain, 
exercife  every  mufcle  of  her  body,  and  per- 
form every  action  as  well  as  before  fhe  had 
the  di temper. 


The  intelligent  reader  muff  have  un- 
doubtedly remarked,  that  in  fome  of  the 
above  cafes,  the  electrization  adminiftered 
was  rather  ftrong,  and  different  from  the 
general  rules  given  previous  to  the  narra- 
tion of  the  cafes.  But  it  muft  be  obferved, 
that  fome  of  the  above  cafes  happened  be- 
fore the  principal  methods  of  electrifying, 
which  are  now  ufed  by  the  belt  practitio- 
ners, were  introduced. — Perhaps,  in  fimilar 
cafes,  the  fame  falutary  event  might  be  pro- 
duced by  a more  gentle  electrization. 


1 
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A Letter  from  Mr.  Miles  Partington 

to  the  Author . 

Cavendljh  Square , Augujl  the  io th,  1781, 
S I R, 

As  the  poflibility  of  a cure  of  a fiAula 
lacryrnalis  by  Electricity  has  been  publicly 
queftioned,  I am  very  glad  to  comply  with 
your  requeft,  in  Rating  the  fuccefsful  treat- 
ment of  a difeafe  of  this  kind  under  my 
own  infpeCtion. 

Ann  Woodward,  between  20  and  30 
years  of  age,  was  recommended  to  my  care 
by  Mrs.  Swift,  of  King  Street,  Blcomf^ 
bury,  in  whole  fervice  the  then  lived — I 
was  told  fhe  had  a fiftula  lacryrnalis,  which 
had  refilled  every  attempt  to  relieve  her. 
I fhall  defcribe  the  fituation  ihe  was  in 
when  I firft  faw  her,  and  fhall  add  her  own 
account  anterior  to  that  period.  There  was 
a very  violent  inflammation  in  the  left  eye, 
attended  with  exceffive  pain,  and  almoft 
continual  flux  of  tears  down  the  cheek,  the 
fliarpnefs  of  which  had  confiderably  exco- 
riated 
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riated  the  (kin.  A little  prominence  was 
perceivable  on  the  inner  angle  of  the  eye, 
from  which  might  be  generally  prefTed  a 
final}  quantity  of  matter.  The  inflamma- 
tion had  been  kept  up  with  little  abatement 
for  fix  months,  during  which  time  a cooling 
regimen  had  been  particularly  enjoined  her, 
and  was  ftridly  complied  with.  Since  the 
inflammation  became  violent,  fhe  had  con- 
rtantly  awoke  in  pain,  which  lafted  till 
twelve  o'clock  at  noon,  and  was  then  tole- 
rably eafy  the  reft  of  the  day.  She  told  me, 
that  ftie  had,  as  long  as  fhe  remembered, 
been  fubjed  to  a weak  and  watery  eye,  but 
it  had  never  given  her  much  concern,  till 
fhe  received  a cold  in  it  upon  her  coming 
to  London.  In  every  other  refped  fhe  was 
remarkably  healthy. 

My  firft  objed  was  to  relieve  her  of  the 
pain.  For  this  purpofe  I conveyed  the 
eledric  fluid  from  a wooden  point,  which 
generally  at  the  time  blunted  the  acute- 
nefs  of  the  fenfation ; jbut  which,  if  by 
bringing  it  near  to  her  eye  the  fluid  was 
concentrated,  it  always  increafed  it  to  a 
great  degree,  though  this  went  oft*  by 

* beim* 

o 
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being  left  to  itfelf,  or  repeating  the  milder 
method.  I continued  in  this  courfe  of 
treatment  for  three  weeks,  when  the  in- 
flammation was  nearly  fubfided,  and  the 
pain  entirely  gone  away.  Still  perceiving 
the  matter  to  ooze  from  the  inner  angle, 
I ventured  to  pafs  a Angle  eleCtric  fhock 
down  the  duCt  of  the  nofe,  which  I effect- 
ed by  placing  one  of  the  directors  upon  the 
lacrymal  fac,  and  the  other  up  the  noftril, 
for  the  convenience  of  a more  immediate 
local  conveyance.  This  gave  her  much 
pain  after  the  operation;  and  it  remained  all 
the  reft  of  the  day.  I found  in  the  morning 
that  fhe  could  hardly  bear  me  to  prefs  upon 
the  fac,  and  very  little  matter  came  from  it. 
I then  paffed  four  fhocks,  in  the  fmalleft 
degree  I could  convey  them,  and  to  be  felt, 
which  were  not  attended  with  fo  much  pain. 
At  bed-time  there  came  on  a great  throb- 
bing in  the  paft,  and  in  the  courfe  of  the 
night  a large  quantity  of  matter  burft  down 
the  noftril,  when  fhe  became  immediately 
eafy.  Some  matter  continued  to  come  away 
for  about  four  days,  and  fhe  appeared  to  be 
perfectly  well.  Her  eye  has  been  Alice  in 
a ftronger  ftate  than  it  ever  was  before. 


If 
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If  this  fhould  ftill  want  additional 
ftrength,  I am  willing  to  give  you  farther 
inftances  of  relief  in  this  difeafe  by  Elec- 
tricity, though  they  have  not  been  fo  effec- 
tually cured, 

I fhall  now  add  a few  obfervations,  which 
may  perhaps  merit  your  notice.  In  order 
to  increafe  the  power  of  eledirization,  I 
have  added  a very  large  coated  jar  to  the 
prime  Condudtor  of  my  eledtrical  machine. 
This  jar  is  placed  upon  a mahogany  Hand, 
fo  that  the  knob  of  it  touches  the  Conduc- 
tor. The  infulated  chair  is  alfo  in  contadl 
with  the  faid  Conductor,  and  the  patient  is 
feated  in  it  as  ufual.  With  this  difpofition 
of  the  apparatus,  the  wheel  of  the  machine 
is  firft  turned  a few  times  round ; then  I 
apply  the  metallic  rod  to  the  patient,  in  or- 
der to  draw  the  fparks  through  the  cloaths, 
or  the  dream  of  eledtric  fluid  by  a wood- 
en point,  if  the  difeafe  feem  to  require 
fuch  treatment;  and  I find,  that  by  this 
means  the  effedts  of  the  eledlrization  are 
conliderably  increafed,  the  pungency  of  the 
fparks  is  felt  much  deeper  into  the  eledtri- 
fied  part  of  the  body ; the  heat  occafioned 
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by  it  is  alfo  greater,  arid  therefore  feems  to 
be  more  efficacious  for  internal  complaints. 
Add  to  this,  that  the  ufual  inconvenience  of 
the  difiipation  of  the  eledtric  fluid  into  the 
air  is  conliderably  prevented. 

This  dilpofition  of  the  apparatus  does 
alfo  anfwer  another  purpofe,  which  is  that 
of  eledtrifying  a patient,  without  having 
any  afiiflant  in  the  room ; for  after  the  jar 
is  charged,  the  turning  of  the  wheel  may  be 
difcontinued,  and  the  patient  may  continue 
under  the  electrization.  No  fhock  is  to  be 
feared  from  this  apparatus ; for,  fince  the 
wooden  Hand  upon  which  the  jar  is  fixed  is 
a bad  Conductor,  the  difcharge  can  only  be 
made  gradually. 

I have  made  anothe  addition  to  my  di- 
rectors, or  rather  have  contrived  a new  di- 
rector, by  which  an  electrified  ftream  of 
water  or  other  fluid  is  thrown  upon  any 
part  of  the  body.  This  director  confifts 
of  a fmall  glafs  tube  about  3 inches  long, 
and  a quarter  of  an  inch  in  diameter,  one 
extremity  of  which  is  drawn  to  a very  fine 
point,  fuch  as  the  water  can  hardly  pals 
•f'  * through. 
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through.  This  tube  I fatten  to  an  inflat- 
ing handle,  which  being  made  like  a pair 
of  pincers,  holds  it  by  the  middle ; I then 
pour  a little  water  or  other  fluid  into  the 
tube,  and  by  means  of  a wire  conned:  it 
with  the  prime  Condudor.  When  the 
machine  is  in  motion,  the  ttream  of  water* 
which  the  eledric  fluid  forces  out  of  the 
tube,  is  very  much  fubdivided,  and,  when 
direded  upon  the  face,  or  any  naked  part 
of  the  body,  gives  an  agreeable  fenfation, 
which  not  only  proves  very  refrefhing  to 
patients,  but  in  cafes  of  great  irritation  of  the 
nerves  is  often  attended  with  permanent  re- 
lief. The  fhort  experience  I have  had  of 
thefe  diredors  does  not  enable  me  to  de- 
termine how  far  they  may  be  ufeful ; but  in 
feveral  inftances  they  have  afforded  conff- 

derable  relief,  when  other  modes  of  eledri- 

* 

zation  proved  ufelefs. 

In  the  courfe  of  my  pradice,  I have  ob- 

ferved  a very  remarkable  e fifed  of  Eledri- 

\ 

city  upon  the  human  body,  which  is,  that 
it  removes  coftivenefs  in  thofe  perfons  that 
are  eledrified,  efpecially  along  the  courfe 
of  the  alimentary  canal.  I mutt  obferve, 

that 
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that  it  does  by  no  means  increafe  the  eva- 
cuations of  ordinary  good  habits  of  body, 
but  only  reinftates  the  ufual  dilcharge  in  cafe 
of  coftivenels.  This  effedt  feems  to  take 
place  becaufe  the  eledtrization  gives  vigour 
and  energy  to  the  fibres  of  the  debilitated 
inteftines,  in  the  fame  manner  as  it  re- 
ftores  the  loft  motion  of  more  external 

M 

mufcles. 

1 

/ 

I am. 

Dear  Sir, 

Yours,  &c. 

*4  y • ft  A 

Miles  Partington. 


--..j.  Tt 
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yf  Letter  from  Dr.  James  Lind  to  the 

Author. 

Wlnd[or , June  the  17th)  1784* 
DEAR  SIR, 

“ I here  fend  you  the  account  of  a re- 
markable cafe  relieved  by  Electricity  whilft 
I was  at  Bombay : if  you  think  it  worth 
publishing,  I beg  you  will  infert  it  in  the 
next  publication  of  your  Medical  Electri- 
city.” 

“ The  wife  of  an  officer  of  the  artillery 
at  Bombay,  during  the  laft  months  of  her 
pregnancy,  gradually  loft  the  ufe  of  her 
lower  limbs,  as  if  it  had  been  a paralyfis, 
occafioned  by  the  preffure  of  the  fcetus 
upon  the  nerves  which  go  to  thofe  extre- 
mities. Her  pregnant  ftate  did  not  allow 
the  application  of  any  remedy  for  the  relief 
of  the  diforder.  She  came  to  her  full  time, 
was  fafely  delivered,  and  though  ffie  foon 
recovered  in  every  other  refpeCt,  yet,  con- 
trary to  every  expectation,  the  paralyfis  ftill 
remained;  nor  could  it  be  in  the  leaft  reliev- 
Vol.  II.  o ed 
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cd  by  any  of  the  various  medicines,  which 
were  adminiftered  for  about  feven  months, 
which  had  elapfed  from  the  time  of  her  de- 
livery, and  until  I firft  viiited  her,  which 
was  in  June  1780. 

“ Upon  enquiry  finding  that,  of  the  many 
remedies  likely  to  afford  any  relief  in  fuch 
a cafe,  Electricity  alone  had  not  yet  been 
tried,  I immediately  recommended  the  ap- 
plication of  it.  But  the  difficulty  was  to 
excite  an  eleCtrical  machine  in  an  atmo- 
fphere  fo  exceffively  moift  as  that  of  Bom- 
bay was  at  that  time,  the  rainy  feafon  being 
already  fet  in ; however,  the  hufband  of  the 
patient,  being  the  fuperintendant  of  the 
Military  Laboratory  of  that  place,  propofed 
to  try  whether  an  eledtrical  machine  could 
be  made  to  adt  in  a heated  room;  fuch  as 
they  ufed  for  the  drying  of  gunpowder. 
Accordingly  a fmall  ftucco’d  room  in  his> 
houfe  was  heated  by  means  of  burning  char- 
coal, then  the  doors  and  windows  were 
thrown  open,  and  an  eledtrical  machine 
being  brought  in,  was  found  to  adt  very 
powerfully.  Things  being  thus  prepared, 
my  patient  began  to  be  eledtrified,  firft  by 

giving 
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giving  fparks  to  her  legs  and  thighs,  and 
afterwards  by  palling  about  twenty  very 
fmall  fhocks  up  one  leg  and  down  the  other* 
The  effeCt  was  really  furprifing;  for,  after 
the  firft  electrization,  die  was  fo  far  relieved 
as  to  be  able  to  walk  up  fome  Heps  without 
any  help,  which  the  had  not  been  able  to  do 
for  many  months  before.  By  the  fecond 
days  electrization,  which  was  performed  ex- 
actly as  in  the  preceding,  Ihe  was  enabled 
to  walk  out,  and  vilit  feveral  of  her  friends 
in  the  neighbourhood.  The  third  day's 
electrization  compleated  the  cure,  and  fhe 
went  about  with  all  the  ealinefs  and  alacrity 
in  the  world.  I afterwards  received  a letter 
from  her  hufband,  dated  May  the  29th, 
1781,  informing  me  of  her  continuing  in 
perfect  health*" 

Faithfully  yours. 
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• t % l 

OF  THE  VINDICATING  ELECTRICITY. 

I * A B,  a b9  fig.  6,  of  Plate  IV.  reprefents 
jlJL  a plate  of  glafs,  coated  on  both 
fides  with  the  two  metallic  coatings  C D* 
* c a>  which  are  not  ftuck  t©  the  glafs  plate* 
but  are  only  laid  upon  it.. 

» 4 t 

From  the  upper  coating  CD,  three  filk 
threads  proceed,,  which  are  united  at  their 
top  H,  by  which  the  faid  coating  may  be 
removed  from  the  plate  in  an  infulated 
manner,  and  may  be  prefented  to  an  eledtri- 
fied  electrometer,  as  reprefented  in  fig.  7,. 
in  order  to  examine  its  Eledtricity.  F G is 
a glafs'  hand,  which  infulates  and  fupports 
the  plate,  &c. 


t 


Let 
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2.  Let  the  plate  A B , a b,  be  charged  in 
the  common  manner,  by  means  of  an  elec- 
trical machine,  fo  that  its  furface  A B may 

* 

acquire  one  kind  of  Electricity,  (which  may 
be  called  K)  and  the  oppofite  furface  a b 
may  acquire  the  contrary  EleCtricity, 
(which  we  fhall  call  L).  Then,  if  the 
coating  C D be  removed  from  the  plate, 
and  be  prefented  to  an  electrified  electro- 
meter, as  reprefented  in  fig.  2,  it  will  be 
found  pofieffed  of  the  EleCtricity  K,  viz. 
of  the  fame  kind  with  that  which  was 
communicated  to  the  furface  AB  of  the  glafs 
plate;  from  whence  it  is  deduced,  that  the 
furface  A B has  imparted  fome  of  its  Elec- 
tricity to  the  coating.  Now,  this  difpo- 
fition  of  the  charged  plate  to  give  part  of 
its  EleCtricity  to  the  coating,  is  what  the 
learned  F.  Be cc aria  nominates  the  Ne- 
gative vindicating  Electricity. 

3.  If  the  coating  be  again  and  again 
alternately  laid  upon  the  plate  and  removed, 
its  EleCtricity  K will  be  found  to  decreafe 
gradually,  till  after  a number  of  times 
(which  is  greater  or  lefs,  according  as  the 
edges  of  the  plate  infulate  more  or  lefs  ex- 

O 3 aCtly) 


\ 
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aCtly)  the  coating  will  not  appear  at  all 
electrified.  This  ftate  is  called  the  limit  of 
the  two  contrary  Electricities  j for  if  now  the 
above-mentioned  operation  of  coating  and 
uncoating  the  plate  be  continued,  the  coat- 
ing will  be  found  pofteffed  of  the  contrary 
Electricity,  viz.  the  Electricity  L.  This 
Electricity  L of  the  coating  is  weak  on  its 
firft  appearance,  but  it  gradually  grows 
ftronger  and  ftronger  to  a certain  degree 
then  infenfibly  decreafes,  and  continues  de- 
creafing  until  the  glafs  plate  has  entirely  loft 
every  fign  of  Electricity. 

By  this  change  of  Electricity  in  the 
coating,  it  is  deduced,  that  the  furface  A B 
©f  the  glafs  plate  changes  property;  and 
whereas  at  firft  it  was  difpofed  to  part 

.mn  * 

with  its  Eledricity,  now  ( viz . beyond  the 
limit  of  the  two  contrary  Electricities ) it 
feems  to  vindicate  its  own  property,  that  is, 
to  take  from  the  coating  forne  Eledricity  of 
the  fame  kind  with  that  of  which  it  was 
charged : hence  this  difpofition  was  by  F. 
Beccaria  called  the  P of  five  vindicating 
Electricity * 


^ ' 


\ 


4.  This 
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4.  This  pofitive  vindicating  Electricity 
never  changes,  though  the  coating  be  touch- 
ed every  time  it  is  removed.  It  appears 
ftronger,and  continues  for  a very  confiderable 
time  after  the  plate  has  been  difcharged ; 
which  is  a very  furprifing  property  of  glafs, 
and  probably  of  all  good  and  folid  eleCtrics. 

5.  If,  fcon  after  the  difcharge  of  the 
plate,  the  coating  be  alternately  taken  from 
the  plate,  and  replaced,  but  with  the  fol- 
lowing law,  viz.  that  when  the  coating' is 
upon  the  plate,  both  coatings  be  touched  at 
the  fame  time,  and  when  the  coating  is  off, 
this  be  either  touched  or  not;  then  the 
furface  A B of  the  plate,  on  being  uncoated 
every  time,  takes  a quantity  of  Electricity, 
which  it  alternately  lofes  every  time  it  is 
coated 

6.  On  removing  the  coating  in  a dark 
room,  a flafh  of  light  appears  between  it 
and  the  glafs,  which  is  ftill  more  confpi- 

* This  may  be  proved  by  touching  an  infulated  elec- 
trometer with  the  coating,  when  this  is  ftanding  upon 
the  pla-tCj  and  when  feparated  from  it* 

O 4 


cuous. 


goo 
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cuous,  if  the  coating  be  removed  by  the 
fingers  being  applied  immediately  to  it, 
viz,  not  in  an  infulated  manner;  becaufe, 
when  the  coating  is  not  infulated,  the  glafs 
plate  can  give  to,  or  receive  from  it,  more 
of  the  electric  fluid,  and  that  more  freely, 
than  otherwife. 

7.  It  is  obfervable,  that  in  the  negative 
vindicating  Eledtricity,  the  glafs  lofes  a 
greater  or  lefs  portion  of  Eledtricity,  in  an 
inverfe  proportion  of  the  charge  given  to 
the  plate,  viz,  the  part  loft  is  greater  when 
the  charge  has  been  the  weaker ; for  in 
the  pofitive  vindicating  Eledtricity,  the  force 
of  receiving  Eledtricity  is  ftronger,  when 
the  charge  has  been  ftronger,  and  contrary 
wife. 

8.  If,  after  every  time  that  the  coating 
C D is  removed,  the  atmofpheres  E,  e , that 

is,  the  air  contiguous  to  the  furface  of  the 

« 

glafs  plate,  be  examined,  they  will  be  found 
eledtrified  as  in  the  following  table,  viz, 
the  threads  of  an  eledtrometer,  brought 
within  one  or  two  inches,  or  more,  of  the 
furfaces  A B,  a b,  will  diverge  with  Elec- 
c tricities 
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* 

tricities  contrary  to  thofe  expreffed  in  the 
table. 


During  the  r the  air 
time  ot  the\  if  the  plate 
negative  vin-J  has  been 
dicating  Elec- 1 charged 
tricity  L 


■p  r 

’ moderately 
high  - - 
very  high  ■ 

the  air  e is  eleCtrified  L. 


moderately  L 

o 

moderately  K 


During  thef  the 
time ot  the  po 
fiti*  e vindicat--' 
ing  Eie&n- 
city 


air  E 


The  air  e 


are  electrified  L. 


9.  Although  we  are  not  acquainted  with 
the  caufe  of  vindicating  Eledfricity,  any 
farther  than  to  con.fi der  it  as  a difpofition 
or  property  of  charged  glafs,  yet  the  phe- 
nomena of  the  Electricities  of  the  air,  con- 
tiguous to  the  farfaces  of  the  plate,  feem 
to  be  a proper  confequence  of  Dr.  Frank- 
lin’s theory  of  Eledfricity,  and  are  ac- 
countable by  it ; for  it  is  a well-known 
principle  of  that  theory,  that  when  one 
fide  of  a coated  eledtric,  fit  to  receive  a 
charge,  acquires  a greater  quantity  of  Elec- 
tricity than  the  oppofite  fide  can  acquire  of 
the  contrary  Eledfricity,  then  both  fides 
of  that  eledtric  appear  poffelTed  of  the  fame 
kind  of  Eledfricity,  namely,  of  that  com- 
municated 
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municated  to  the  firfl-mentioned  fide. 
Now,  when  in  the  negative  vindicating 
EleCtricity,  the  furface  A B of  the  glafs 
plate  gives  part  of  its  Electricity  to  the 
coating,  then  the  other  fide  a b,  being  more 
eleCtrified  L,  than  the  fide  A B is  electri- 
fied' K,  it  is  plain  that,  according  to  the  faid 
principle,  both  fides  muft  appear  eleCtrified 
L But  in  the  pofitivc  vindicating  Electri- 
city, the  fide  A B of  the  glafs  plate  receives 
fome  EleCtricity  of  the  kind  K from  the 
coating,  therefore  both  fides  muft  affeCt  the 
air  with  the  EleCtricity  K. 

io.  There  remains  only  to  be  explained 
the  reafon  why,  when  the  plate  has  re- 
ceived a high  charge,  the  air  E,  during  the 
time  of  the  negative  vindicating  EleCtrici- 
ty, appears  eleCtrified  K,  whilft  the  air  e is 
eleCtrified  L.  In  order  to  render  this  ex- 
planation more  intelligible,  let  us  fuppofe 
the  glafs  plate  to  have  been  eleCtrified  po- 
fitively  on  the  fide  A B ; then  in  the  ne- 
gative vindicating  EleCtricity,  the  furface 
A B,  on  being  uncoated,  lofes  a part  of  its 
EleCtricity,- which  is  fo  much  the  greater 

as  the  charge  has  been  the  lefs  (§  7*) * 
/;■  ' therefore. 
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therefore,  when  the  charge  has  been  mo- 
derate, A B lofes  a greater  portion  of  elec- 
tric fluid,  than  that  with  which  the  air  e 
can  fupply  the  furface  a b ; hence  the  furface 
a b will  remain  more  negatively  electrified 
than  the  furface  A B is  pofitively;  confe- 
quently,  according  to  the  above-mentioned 
principle,  (§  9.)  both  the  atmofpheres  E,^, 
mull  appear  in  a negative  ftate  when  the 
charge  has  been  a certain  degree  higher  $ 
then  the  furface  A B,  on  being  uncoated, 
lofes  juft  fo  much  of  the  eleCtric  fluid  as  the 
air  e can  give  to  a b,  therefore  the  air  will 
not  appear  electrified.  But  when  the  charge 
has  been  very  high,  A B lofes  a fmaller  por- 
tion of  eleCtric  fluid  than  the  air  e can  give 
to  a b ; therefore  e,  by  having  given  fome  of 
its  natural  eleCtric  fluid  to  ab>  will  appear 
negative,  and  E will  appear  pofitive  in  a 
fmall  degree.  If  the  plate  be  fuppofed  to 
have  been  charged  negatively  on  the  fide 
A B,  the  explanation  of  the  phenomena  is, 
the  fame,  changing  only  the  name  of  pojt- 
tive  Electricity  into  negative , &c. 

1 1 . This  property  of  charged  glafs, 
called  vindicating  Electricity,  is  obfervable 

all# 
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alfo  when  two  glafs  plates,  laid  one  over 
the  other,  and  coated  on  their  outward 
furfaces  only,  are  charged  jointly  like  one 
plate.  Suppofe  A B,  CD,  fig.  8,  to  re- 
prefent  the  two  plates  charged  together, 
viz.  by  having  preferred  the  coating  F to 
the  prime  Conductor,  and  having  at  the 
fame  time  connected  the  coating  G with 
the  ground,  in  which  ftate,  it  is  eafy  to 
conceive,  that  the  upper  furface  of  the  plate 
A B would  be  pofitive,  its  under  furface 
would  be  negative,  the  upper  furface  of  the 
plate  C D,  viz . the  furface  contiguous  to 
the  plate  A B,  would  be  pofitive,  and  its 
oppofite  furface  G would  be  negative. 
Now  if  thefe  plates,  after  having  been 
charged,  be  alternately  feparated  and  join- 
ed, without  ever  touching  their  coatings, 
it  is  plain  that  their  furfaces,  contiguous  to 
one  another,  whenever  the  plates  are  fepa- 
rated, will  uncoat  each  other,  conlequently 
the  phenomena  of  vindicating  Electricity 
will  take  place,  that  is,  each  of  the  infide 
or  naked  furfaces,  when  the  plates  are  firft 
feparated,  will  lofe  part  of  its  Electricity. 
•This  loft  Electricity  gradually  decreafes 
till  it  vanifhes,  after  which  period,  each  of 

the 
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the  faid  furfaces  will  gradually  recover  part 
of  its  loft  Electricity,  &c. 

12.  By  the  principle  noticed  above, 
(§9.)  when  one  furface  of  either  plate  has 
acquired  a quantity  of  one  kind  of  Electri- 
city more  than  the  oppoftte  furface  has  ac- 
quired of  the  other,  then  both  furfaces  of 
that  plate  muft  appear  poffeffed  of  that  and 
the  fame  kind  of  EleCtricity ; hence  it  fol- 
lows, that  when  the  plates  A B,  C D,  are 
at  firft  feparated  for  a certain  number  of 
times,  i.  e . during  the  negative  vindicating 
EleCtricity,  the  plate  A B muft  appear  po- 
fitive  on  both  fides,  and  the  plate  C D ne- 
gative on  both  fides ; but  after  the  limit  of 
the  two  contrary  Electricities,  when  the  po- 
fttive  vindicating  EleCtricity  has  taken  place, 
then  the  plate  A B will  appear  negative  on 
both  fides,  and  the  plate  C D pofitive  on 
both  fides. 

• * r 'l  > j ^ 

13.  The  adhefion  of  the  plates  to  one 
another  keeps  pace  with  the  vindicating 
EleCtricity j fo  that  it  is  very  ftrong  at  firft, 
but  gradually  decreales  with  the  negative 
vindicating  EleCtricity,  till  it  becomes  in- 

fenfible; 
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fenliblc ; but  after  the  limit  of  the  two  con-* 
trary  Electricities  it  appears  again,  and  then 
it  increafes  and  decreafes  with  the  pofitivc 
vindicating  Electricity* 

14.  Every  other  particular  relating  to 
the  phenomena  of  vindicating  Electricity, 
exhibited  with  one  plate,  does  alf©  take  place 
in  the  experiment  with  two  plates  j except 
the  phenomena  confidered  above  (§  10.), 
which  the  two  plates  cannot  exhibit,  011 
account  that  they  are  not  capable  of  re- 
ceiving a very  high  charge,  as  a Angle  plate 
is ; which  high  charge  is  ablolutely  necef- 
fary  to  produce  that  appearance* 


* 
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4 

OBSERVATIONS  UPON  THE  CONDUCTORS 

OF  LIGHTNING# 

i 

SINCE  the  publication  of  the  Firfl 
Edition  of  this  Treatife,  it  happened 
that  a houfe  belonging  to  the  Board  of 
Ordnance,  at  Purfleet,  was  ftruck  by  light- 
ning, though  furnifhed  with  a Conductor* 
This  accident  excited  anew  the  controveriy 
relating  to  the  conftruCtion  of  Conductors 
to  fecure  houfes  from  the  effeCts  of  light- 
ning, efpecially  relating  to  their  termina- 
tion; and  various  experiments  were  made  by 
very  able  Electricians,  in  order  to  decide 
the  controverted  point.  Mr.  B.  Wilson 
and  Mr.  Ed.  Nairne,  both  members  of 
the  Royal  Society,  were  the  principal  ac- 
tors in  this  experimental  inveftigation ; the 
former  giving  conftantly  the  preference  to 
Ihort  Conductors  terminating  in  a ball,  and 
the  latter  preferring  long  Conductors  acute- 
ly pointed;  which  has  been  and  is  the  pre- 
vailing opinion  with  almoft  all  the  prin- 
cipal 
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cipal  Electricians  in  England,  as  well  as 
abroad;  beginning  with  the  firffc  inventor  of 
thofe  Conductors  (the  great  philofopher 
Dodtor  Franklin).  Mr.  Wilson,  the 
principal  and  almoft  the  foie  opponent  of 
the  Franklinian  conftruCtion  of  Conductors, 
exhibited  fome  ingenious  eleCtrical  experi- 
ments upon  a large  fcale  ; which  threw 
great  light  upon  the  property  of  points  in 
refpeCt  to  EleCtricity,  and  feem  at  firft  fight 
to  decide  the  queStion  in  favour  of  knobbed 
Conductors,  as  will  appear  by  the  following 
pages.  On  the  other  fide,  Mr.  Nairn e 
performed  fome  well -imagined  experiments, 

* which  feem  to  eStabliSh,  beyond  any  doubt, 
the  prevailing  opinion  in  favour  of  pointed 
Conductors ; which  was  afterwards  {till 
more  confirmed  and  elucidated  by  Lord 
Mahon,  now  Earl  Stanhope,  in  his 
learned  work,  entitled.  Principles  of  Elec* 
tricky , and  published  in  the  year  1779. 

Notwithstanding  thofe  various  difquifi- 
tions,  and  new  obfervations,  it  feems  that 
what  I had  previously  written,  relating  to 
the  construction  of  Conductors,  did  not 
require  any  material  alteration ; hence  I 
thought  proper  to  reprint,  in  this  Edition, 

exactly  - 
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exadtly  that  which  had  been  advanced 
relating  to  Conductors  of  lightning  in 
my  firft  publication  ; and  have  referved 
for  this  diflertation,  to  make  mention  of 
thofe  additional  remarks,  which,  in  the 
prefent  more  advanced  ftate  of  the  fcience, 
are  neceflary  to  be  noticed.  Mr.  Wilson, 
Mr.  Nairne,  and  others,  mufl  excufe  my 
giving  a very  fliort  and  fummary  account 
of  their  valuable  experiments,  lince  the 
limits  of  this  work  are  by  far  too  fhort  to 
admit  a full  account  of  their  obfervations. 
I (hall  juft  mention  the  principal  fadts  af- 
certained,  fo  as  to  make  evident  the  deduc- 
tion which  naturally  follows  them,  and 
which  is  neceflary  to  efliablifh  the  prefent 
improved  theory  of  Conductors ; omitting 
thofe  remarks  which  feem  to  be  not  eflen- 
tial,  and  even  difpenfing  with  the  particu- 
lar defcription  of  the  various  apparatufes 
ufed  for  this  purpofe.  The  Boa?'d-houfe9 
ftruck  by  lightning  on  the  12th  of  May 
1777,  had  a pointed  iron  fpike,  which 
projected  ten  feet  above  the  middlemoft 
and  higheft  part  of  its  roof,  and  which  had 
a continued  metallic  communication  to  the 
ground.  The  lightning  did  no  other 
Vol,  lit  P damage 
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damage  to  this  houfe,  than  to  throw  down  a 
few  ftanes  from  one  of  its  upper  corners, 
which  were  next  to  two  iron  cramps  $ 
which  cramps  had  not  a metallic  commu- 
nication with  the  Conductor.  This  cor- 
ner was  forty- fix  feet  diftant  from  the  top 
of  the  Condu&or.  In  this  cale  it  is  dif- 
ficult to  fay,  whether  the  lightning  flruck 
the  Conduftor  firft,  or  the  corner  of  the 
houfe  juft  over  the  above-mentioned  iron 
cramps,  and  from  thence,  being  palled  to 
the  metal  which  communicated  with  the 
Conductor,  was  conduced  to  the  ground, 
without  caufing  any  farther  damage  to  the 
houfe.  In  the  firft  cafe,  the  point  of  the 
Conductor  would,  in  all  probability,  have 
been  fufed,  as  is  generally  the  cafe ; but  no 
mark  of  fufion  could  be  perceived  on  it. 
The  fecond  cafe  feems  not  very  likely  to 
have  happened,  fince  the  Conductor  . was 
far  above  the  corner  that  was  ftruck,  and 
fince  the  lightning  is  known  to  ftrike  the 
moft  elevated  objects,  and  thofe  which  have 
a better  communication  with  the  earth,  in 
preference  to  any  other  *.  In  any  cafe, 

the 

* Mr.NAiRNE  concludes  the  account  of  his  above- 

V 

mentioned  experiments  with  the  following  paliage : 

“ I muft 
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the  only  ufeful  remark  that  can  be  drawn 
from  this  accident  is,  that  all  the  metallic 
parts*  that  are  in  a building*  Ihould  be  Con- 
netfed  with  the  Condu&or,  otherwife  it  is 
not  unlikely,  but  that,  either  by  a direct 
ftroke,  or  by  a lateral  explofion,  the  houfe 
may  fuffer  fome  damage  from  lightning. 
Mr.  Wilson,  who  had  formerly  declared 
his  opinion  againil  elevated  and  pointed 
Conductors,  derived  from  this  accident  a 
ftrong  proof  apparently  in  favour  of  his 

theory* 

« 1 muft  beg  to  intrude  a little  more  on  your  time, 
tc  to  remark  on  that  part  of  Mr.  Wilson’s  paper, 
u where,  from  his  experiments,  he  feems  to  conclude, 
iC  that  the  lightning  at  Purfleet  firft  ftruck  on  the 
u point  of  the  rod  of  the  Conductor,  and  then,  by  a 
€C  lateral  part  of  that  ftroke,  ftruck  the  cramp  on  the 
cc  coping-ftorte.  X believe*  if  he  had  examined  the 
w fttuation  of  the  ftone,  and  the  place  where  the 
4C  cramp  was  ftruck,  he  would  have  found,  that,  if  the 
lightning  had  ftruck  on  the  point  of  the  Conductor, 
cc  that,  to  have  produced  that  effe£t  on  the  ftone,  it 
u muft,  after  it  had  ftruck  on  the  point,  and  patted 
K down  a quantity,  have  ftruck  from  the  metal  up  into 
tc  the  air,  then  down  again  on  the  cramp*  and  then 
4C  again  to  the  metal  it  had  left ; for  the  fmall  dent  or 
<c  hollow  made  by  the  lightning  was  on  the  upper  fur- 
tc  face  of  the  ftone,  and  yet  the  metallic  communication 
to  the  earth  continued  from  the  point  under  the  ftone 

P 2 M which 
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theory,  and  foon  began  to  perform  fe~ 
veral  experiments,  in  which  the  natural 
accident  was  imitated  by  art  *.  Mr. 
Wilson’s  great  apparatus  was  fixed  in  the 
Pantheon,  Oxford-ftreet.  It  confifted  prin- 
cipally of  tbe  following?parts — A cylinder, 
1 6 inches  in  diameter,  and  155  feet  long, 
covered  with  tin-foil,  formed  the  prime 
Conductor,  which  was  charged  by  a good 
eledtrical  machine  of  the  common  fort. 
This  vaft  Conductor  was  fufpended  by  va- 
rious filk  firings,  at  a convenient  diftance 

<c  which  was  ftruck.  It  appears  more  probable  to  me, 
IC  from  the  trifling  damage  it  did,  that  the  charged 
u cloud  had  pafTed  over  the  pointed  Condu&or,  and 
« had  been  exhauftcd  of  a great  part  of  its  Ele&ricity 
w in  palling ; and  that  after  it  had  pafTed,  it  was  at- 
« traced  down  lower  by  a ridge  of  hills  that  was  be- 
u yond,  and  that  the  cloud  being  out  of  the  influence 
« of  the  point  to  prevent  its  ftriking,  the  end  of  the 
« cloud  might  ftrike  at  an  angle  in  the  cramp,  and  f« 
« to  the  metallic  part  of  the  Conductor,  which  was 
<c  only  about  7 inches  below.  I fhall  conclude  with 
a obferving,  that  Mr.  Henlv  and  myfelf  had  the 
<c  pointed  rod  of  the  Conductor  at  Pwrfleet  taken  down 
to  examine  the  point ; but  we  found  no  appearance 
w on  it  that  fhewed  that  it  had  been  flruck.” 

The  account  of  thofe  experiments  is  inferted  ia 
the  68th  vol.  of  the  Phil,  Tranf. 


from 
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from  the  floor  and  walls.  To  this  Con- 
ductor there  was  added  a wire  4800  feet 
long,  which  was  alfo  fupported  by  filk 
firings,  and,  on  account  of  its  prodigious 
length,  was  bent  in  a great  many  places, 
going  backwards  and  forwards  in  various 
directions.  Sometimes  this  wire  was  fepa- 
rated  from  the  great  cylinder ; but,  for  the 
generality  of  experiments,  they  were  made 
to  communicate  together,  fo  as  to  form  one 
extenfive  Conductor, — By  means  of  a pro- 
per frame  and  machinery,  a wooden  model 
pf  the  above-mentioned  houfe,  that  was 
ftruck  by  lightning,  was  made  to  pafs  with 
different  required  degrees  of  velocity  under 
and  acrofs  one  end  of  the  great  cylinder. 
This  model  was  furnifhed  with  a Conduc- 
tor at  top,  which  was  fometimes  terminated 
in  a point,  and  at  other  times  ended  in  a 
ball,  but  which  was  made  to  communicate 
with  the  earth  by  as  good  a metallic  com- 
munication as  can  be  defired  by  the  moil 
fcrupulous  experimenter.  Whilft  the  mo- 
del of  the  houfe  was  kept  at  a proper 
diltance  from  the  great  cylinder,  and  after  a 
known  number  of  turns  of  the  wheel,  the1 
model  being  let  go,  paffed  under  the  end  of 

P 3 the 
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the  cylinder*  with  any  required  velocity* 
and  at  the  moment  that  it  paiTed  imme- 
diately under  the  charged  cylinder,  it  receiv- 
ed the  ftroke  from  it  upon  its  Condudor, 
&c.  Now  the  principal  experiments 
which  Mr.  Wilson  made  with  this  appa- 
ratus, are  briefly  exprefled  in  the  following 
articles : 

1.  When  the  model  was  furnifhed  with 
a fharp  Conductor,  on  being  made  to  pafs 
under  the  charged  cylinder,  it  drew  off  a 
good  deal  of  the  eledric  fluid  from  it  in 
a filent  manner,  and  that  ahforption,  as  it 
may  be  faid,  began  long  before  the  model 
came  quite  under  the  cylinder,  as  was 
fhewn  by  the  appearance  of  light,  &c. 
The  charge  which  afterwards  remained  in 
the  cylinder  was  inconfiderable  : all  which 
fhews  the  tendency  that  a point  has  to 
draw  the  eledric  fluid  filently,  and  from  a 
diftance. 

2.  If,  inftead  of  a point,  the  model  was 

. i~  v *■ 

furnifhed  with  a knobbed  Condudtor  of 
the  fame  length  with  the  pointed  one,  the 

• quantity  of  eleftric  fluid  drawn  off  in  re- 

‘ ' * ■ peating 
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peating  the  above  experiment  was  not  fo 

confiderable  as  before,  and  it  was  almoft 

* 

nothing,  if  the  knobbed  Conductor  was 
much  fhorter  than  the  pointed  one,  as  could 
have  been  expected. 


3.  When  the  model  with  the  fharp 
Conductor  was  made  to  pafs  under  the  cy- 
linder fully  charged,  the  pointed  Conductor 
was  generally  ftruck  with  a full  and  ftrong 
explciion ; whereas,  if  the  Conductor  was 
terminated  in  a ball  (though  of  an  equal 
length  with  the  pointed  Conductor,  and 
confequently  equally  diftant  from  the  cy- 
linder when  the  model  was  juft  under  it) 
it  was  not  ftruck,  the  cylinder  remaining 
charged,  &c. 


tl 
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4.  “ The  weight  which  moved  the  mo- 
del in  the  preceding  experiment,  was 
gradually  reduced  till  it  was  nearly  ba- 
lanced by  the  friftion  -y  and  when  the  mo- 
tion was  rendered  fo  flow  as  leven  feet 
feven  inches  in  feven  feconds,  it  was  very 
little  accelerated ; and  in  this  ftate  the 
great  cylinder  being  charged,  the  model 
was  buffered  to  pafs*  and,  though  the 

P 4 “ velocity 
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“ velocity  was  lefs  than  three  quarters  of  a 
“ mile  in  an  hour,  the  point  was  ftruck.” 

The  intelligent  reader  may  remark,  that 
by  the  above-mentioned  obfervations,  the 
already-known  properties  of  points  were 
clearly  fhewn  : that  the  very  reafons  before 
advanced  by  various  philofophers,  for  pre- 
ferring pointed  Conductors  of  lightning  to 
fuch  as  are  blunted,  were  confirmed ; but, 
however,  that  one  remarkable  obfervation, 
which  could  have  been  hardly  believed 
before,  was  eftablifhed,  viz.  that  a point 
in  thofe  circumftances  could  receive  fo  full 
a fhroke,  as  we  have  mentioned  above.  In- 
deed this  is  a very  good  pbfervation  of  Mr. 
Wilson,  and  a moft  plaufible  argument 
in  favour  of  his  opinion  relating  to  the  con- 
ftruCtion  of  the  Conductors  of  lightning. 
Hence  he  expatiates  upon  the  danger  qf 
thofe  houfes,  which  are  furnifhed  with  ele- 
vated and  pointed  Conductors;  and  abfo- 
lutely  recommends  knobbed  Conductors, 
which  are  either  even  with,  or  rather  a lit- 
tle fhorter,  than  the  top  of  a building  ; fince, 
fays  he,  the  pointed  Conductors  invite  the 
ng.  It  is  aljnoft  fuperfluous  to  remark* 
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that  it  is  for  that  very  property,  that  ele- 
vated and  pointed  Conductors  are  preferable 
to  knobbed  ones,  viz.  becaufe  they  attract 
the  matter  of  lightning  from  a greater  dif- 
tance:  hence  they  may  defend  a greater 
extent  of  building ; hence,  by  drawing  a 
confiderable  quantity  of  eleCtric  fluid  from 
the  clouds,  when  at  a diftance,  fo  as  to  lef- 
fen  their  charge,  they  may  thus  actually 
avoid  a full  explofionj  the  intention  of 
putting  a Conductor  to  a houfe,  being  to 
defend  the  houfe  from  the  bad  effects  of 
lightning,  and  not  the  Conductor  itfelf  from 
attracting  the  matter  of,  or  being  (truck  by, 
the  lightning.  — When  the  Conductor  of  a 
houfe  is  (truck,  the  only  damage  it  can  re- 
ceive in  that  cafe,  it  feems,  can  only  arife 
from  a lateral  explofion  between  the  Con- 
ductor and  other  pieces  of  metal,  or  other 
very  good  Conductors,  which  are  contained 
in  the  houfe,  and  are  not  properly  connected 
with  the  Conductor.  For  this  reafon,  it  is 
proper  to  connedt  with  the  Conductor,  by  a 
metallic  communication,  all  the  pieces  of 
metal,  and  indeed  other  good  Conductors, 
as  a cittern  of  water,  &c.  that  are  in  a houfe, 
efpecially  thofe  which  are  near  the  outfide, 

and 
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and  the  top  of  it.  This,  however,  is  almofl 
impoffible  to  be  done  perfectly;  but  then 
thofe  lateral  effeCts  are  not  of  fo  very  dan- 
gerous a nature,  excepting  indeed  when 
the  building  contains  fubltances  of  a very 
combuftible  quality,  as  gun- powder,  &c.  in 
which  cafe,  the  moil:  fcrupulous  attention 
is  hardly  fufficient  to  prevent  any  bad  acci- 
dent. Notwithstanding  the  obvioufnefs  of 
the  above-mentioned  remarks,  Mr.  Wil- 
son’s experiments  determined  feveral  per- 
fons  in  favour  of  the  knobbed  Conductors : 
hence  Mr.  Nairn  e undertook  to  oppofe 
Mr.  Wilson’s  theory  with  a clear  and 
convincing  fet  of  experiments.  The  prime 
Conductor  ufed  by  Mr.  Nairne  was  one 
foot  in  diameter,  and  fix  feet  long,  confe- 
quently  by  far  fmaller  than  that  ufed  by 
Mr.  Wilson.  The  other  apparatus  was 
different,^and  the  eleCtrical  machine  was 
much  more  powerful  than  that  ufed  by 
Mr.  Wilson*.  But  with  this  apparatus 
he  amply  (hows  the  properties  of  points  and 
knobs,  with  refpeCt  to  EleCtricity;  and,  dif- 
ferent from  Mr.  Wilson,  fhpws,  that  in 

* See  Mr.  Nairne’s  account  of  thofe  Experiments, 
&c.  in  the  68th  vol,  of  the  Phil.  Tranf. 
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many  experiments,  and  under  various  cir- 
cumftances,  a knob  is  ftruck  in  preference 
to  a point.  This  diverfity  of  appearances, 
and  refults  of  experiments,  in  cafes  feem- 
ingly  alike,  will  at  firft  light  be  thought  a 
contradidion  j but,  when  duly  confidered, 
the  different  phenomena  may  be  all  recon- 
ciled to  a few  very  Ample  and  natural 
propofitions.  A point  draws  the  elec- 
tric fluid  of  an  eledrified  body,  from  a 
much  greater  diftance  than  a blunt-termi- 
nated  body ; but  the  quantity  muft  be  li- 
mited, and  fubjed  to  be  altered  by  many 
caufes  ; fuch  are,  the  degree  of  condenfa- 
tion  of  the  eledric  fluid  upon  the  eledrified 
body;  the  time  given  to  the  point;  the 
acutenefs  of  the  faid  point ; its  free  or  en- 
cumbered fituation ; its  perfed  or  imper- 
fed  communication  with  the  earth,  &c. 
Thus,  if  the  pointed  body  be  not  made  to 
communicate  with  the  earth,  but  the  com- 
munication be  interrupted  by  a fhort  inter- 
val, then,  on  prefenting  a body  fufficiently 
charged  with  eledric  fluid,  to  the  faid  point, 
a full  fpark  will  go  from  the  former  to  the 
latter,  becaufe  the  point,  on  account  of  the 
interruption  of  communication,  cannot  dif- 

charge 
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charge  to  the  earth,  or  other  fit  body,  the 
eleCtric  fluid  by  little  and  little,  confe- 
quently  cannot  receive  it  filently  from  the 
electrified  body  to  which  it  is  expofed,  but 
can  attraCl  only  that  quantity  which  can  leap 
between  the  interruption,  and  which  paffes 
in  the  form  of  a fpark.  Thus  alfo,  if  the 
point  is  fuddenly  brought  within  a fufficient 
diftance  of  a ftrongly- electrified  body,  it 
will  receive  a fpark,  becaufe  a fufficient 
time  was  not  allowed  it  to  draw  off  the 
eleCtric  fluid  filently,  as  would  happen  if 
the  point  was  gradually  brought  near.  Af- 
ter the  fame  manner,  the  ingenious  reader 
may  imagine  a great  multiplicity  of  cafes, 
in  which  a point  may  be  ftruck  or  not 
ftruck  by  an  electrified  body;  hence  is  de- 
rived the  apparent  contradiction  between  the 
experiments  of  Mr.  Henly,  Mr.  Wilson, 
Mr.  Nairne,  and  various  others;  but  it 
always  remains  true,  that  a pointed  or 
ffiarp- edged  body  draws  the  eleCtric  fluid 
from  a greater  diftance  than  thofe  bodies 
which  are  blunt  or  more  obtufe,  all  ths 
other  circumftances  being  the  fame  in  both 
cafes. 


Lord 
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Lord  Stanhope,  in  his  above-mention- 
ed work,  fhews  a property  of  electric  atmo- 
fpheres,  which  he  calls  the  returning  Jlroke , 
and  which  he  is  of  opinion  that  can  occa- 
fion  great  damage  in  fome  cafes.  This  is 
that  quantity  of  eleCtric  fluid,  which,  by 
the  vicinity  of  a cloud  highly  electrified, 
is  driven  away  from  certain  bodies,  and 
which  fuddenly  returns  to  thofe  bodies 
when  the  cloud  happens  to  difcharge  its 
EleCtricity  by  a ftroke  of  lightning  to  any 
other  body ; for  then  the  atmofphere 
which  kept  off  the  eleCtric  fluid  of  the  bo- 
dies that  were  within  its  aCtion,  ceafes  at 
once.  Our  noble  author  fhews  experimen- 
tally, that  fuch  a returning  ftroke  may  oc- 
cafion  great  damage,  even  at  a good  diftan^e 
from  the  place  where  the  ftroke  of  light- 
ning happens,  and  that  its  effeCts  may  be 
very  confiderable ; all  which  confirms  the 
already-made  obfervation,  viz.  that  all  the 
belt  and  largeft  conducting  bodies  that  are 
in  a houfe,  fhould  be  connected  with  the 
Conductor  of  lightning.  Without  detain- 
ing my  reader  with  further  difquifitions, 
I fhall  only  take  notice  of  the  mofl  notable 
particulars  that  fhould  be  kept  in  view, 

and 


222  APPENDIX. 

and  IhouM  be  confidered  as  the  leading 
principles,  in  erecting  Conductors  for  the 
lightning;  and  Iball  then  conclude  with 
the  requifites  neceffary  for  the  proper  con- 
ftruCtion  of  Conductors,  which  requifites  I 
fhall  tranfcribe  exactly  from  Lord  Stan- 
hope’s work. 

A pointed  body  attracts  the  matter  of 
lightning  more  or  iefs  eafily,  according  as 
it  is  more  or  lefs  acute  ; according  as  it  is 
lefs  or  more  encumbered  by  furrounding 
bodies ; or  as  it  is  more  or  lefs  elevated, 
and  as  its  communication  with  the  earth, 
by  means  of  conducing  bodies,  is  more  or 
lefs  perfect.  The  clouds  are  bad  Conduc-. 
tors,  and  in  general  the  eleftric  fluid  is  not 
highly  concentrated  on  them  in  proportion 
to  their  extent ; they  are  often  feparated 
from  each  other  $ they  may  come  towards 
a Condu&or  or  a houfe  in  every  direction ; 
and  move  with  various  velocities  at  different- 
times.  The  pointed  Conductor  that  is 
ereded  in  order  to  tranfmit  the  lightning 
with  fafety  to  the  ground,  can  only  defend 
a limited  extent  of  building,  the  quantity 
of  which  varies  according  to  many  circum- 

ftances. 
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fiances.  In  cafes  of  powder-magazines, 
and  fuch-like  very  combuftible  fubftances, 
great  damage  may  be  occalioned  by  a lateral 
explofion  or  returning  ftroke,  if  the  Con- 
ductor happened  to  be  ftruck ; which  may 
be  only  avoided  by  making  a proper  com- 
munication between  all  the  fubftances  of  a 
good  conducting  nature  that  are  in  the 
building.  It  has  been  obferved,  that  fome- 
times  a ftroke  of  lightning  is  branched,  and 
flrikes  feveral  objeCts  at  the  fame  time. 

V f ' * nt  * ■L  - '•  . 

In  confequence  of  all  thofe  obfervations, 
and  various  others  mentioned  in  the  courfe 
of  this  book,  it  feems  proper  to  have  in 
view  the  followingdnftruCtions,  in  ereCting 
Conductors  for  the  lightning. 

1.  “ That  the  rods  be  made  of  fuch  fub- 
ftances  as  are,  in  their  nature,  the  beft 
Conductors  of  EleCtricity. 

2.  “ That  the  rods  be  uninterrupted \ 
and  perfectly  continuous  ” 

3.  “ That  they  be  of  a fufficient  thick - 
nefs .”  v 

4.  “ That  they  be  perfectly  connected 
with  the  common-flock 


5.  “ That 
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5.  u That  the  upper  extremity  of  the 
rods  be  as  acutely  pointed  as  poffible.” 

6..  u That  it  be  very  finely  tapered  ” 

7.  <c  That  it  be  prominent  ” 

8.  “ That  each  rod  be  carried,  in  the 
Jhortcjl  convenient  direction,  from  the  point 
at  its  upper  end,  to  the  common-flock.” 

9.  “ That  there  be  neither  large  nor 
prominent  bodies  of  metal  upon  the  top  of 
the  building  propofed  to  be  fecured,  but 
fuch  as  are  connected  with  the  Conductor  by 
fome  proper  metallic  communication/’ 

. 10.  t€  That  there  be  a fufficient  number 
cf  high  and  pointed  rods/’  And, 

1 1 . “ That  every  part  of  the  rods  be 
very  fubflantially  eredted.” 


N9  III. 
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N°  III. 

EXTRACT  OF  A LETTER  FROM  MR.  AR- 
DEN, LECTURER  IN  NATURAL  PHILO- 
SOPHY, DATED  SEPTEMBER  25,1772. 

/ J 

“ ABOUT  fourteen  or  fifteen  years 
ago,  in  the  prefence  of  Wm. 
Constable,  Efq;  at  his  feat  at  Burton 
Conttable,  in  Holdernefs,  I made  the  fol- 
lowing experiments : 

“ I placed  a large  coated  jar,  that  would 
hold  three  or  four  gallons,  diredtly  under 
the  prime  Conductor  of  a very  good  elec- 
trical machine.  The  prime  Condudtor  was 
at  leaft  eight  or  ten  inches  above  the  top  of 
the  jar,  and  the  communication  was  made 
by  a brafs  wire,  bent  at  one  end  over  the 
prime  Condudtor,  and  the  other  end  paflfed 
through  a fmall  glafs  tube  (contrived  by 
Mr.  Constable  to  prevent  the  eledtric 
matter  from  eafily  flying  off)  was  fufpend- 
ed  in  the  middle  of  the  jar,  and  had  a fmall 
piece  of  brafs  chain  fattened  to  it,  that  rett- 
ed on  the  bottom  of  the  jar. 

Vol#  II. 
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“ I then  began  to  turn  the  wheel,  and, 
after  turning  about  ioo  or  i times,  as 
low  in  the  jar  as  I could  fee  for  the  coating, 
I perceived  a ball  of  fire,  much  refem- 
bling  a red-hot  iron  bullet,  and  full  three 
quarters  of  an  inch  in  diameter,  turning 
round  upon  its  axis,  and  afcending  up  the 
glafs  tube  that  contained  the  brafs  wire, 
which  was  the  Conductor  to  the  infide  of 
the  jar.  v 

“ I immediately  afked  Mr.  Consta- 
ble, if  he  faw  the  ball  of  fire?  he  faid. 
Certainly.  I faid,  I will  turn  on.  He 
anfwered.  By  all  means.  I kept  turning 
the  wheel,  and  the  ball  of  fire ’continued 
turning  upon  its  axis,  and  afcending  up  the 
glafs  tube  till  it  got  quite  upon  the  top  of 
the,  prime  Conductor.  There  it  turned 
upon  its  axis  fome  little  time,  and  then 
gradually  defcended,  turning  upon  its  axis 
as  it  had  done  in  its  afcent,  and  fo  eontinu- 
ed  till  it  was  fo  much  below  the  top  of  the 
coating  that  we  could  no  longer  lee  it.  But 
foon  after  this,  a very  great  flafh  was  feen; 
a large  explofion  was  heard,  and  ftrong  fmell 
of  fulphur  was  perceived  all  over  the  room  ; 

a round 
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a round  aperture  was  cut  through  the  fide 
of  the  jar,  as  fine  as  if  it  had  been  cut  with 
a diamond,  father  more  than  three  quarters 
of  an  inch  in  diameter,  and  between  two 
and  three  inches  below  the  top  of  the 
coating,  and  the  coating  was  torn  off  all 
round  the  aperture,  about  three  or  four 
inches  in  diameter.  The  jar  was  a pretty 
ftrong  one,  of  crown  glafs. 

, • 

1 , . ’ 

“ I then  took  another  jar,  fo  like  the 
firft,  that  when  both  were  whole  X could 
not  eafily  perceive  any  difference  between 
them.  I then  attempted  to  charge  this 
jar,  in  the  fame  manner  as  the  other,  and 
we  both  obferved  it  very  accurately.  No 
ball  of  fi  re  was  feen,  but  prefently  the  jar 
difcharged  itfelf  with  a great  flafh  and  ex- 
plofion,  and  at  about  the  fame  part  as  of 
the  firft  jar;  but  inftead  of  the  aperture 
which  w;as  made  in  the  firft  jar,  there  was 
a circle  about  three  quarters  of  an  inch 
diameter,  as  white  as  chalk,  and  the  coat- 
ing torn  off  round  about  it  as  before. 
Upon  touching  the  white  part,  it  dropped 
out,  and  appeared  to  be  glafs  in  a fine 
powder. 

Q js  . “ We 
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<c  We  broke  feveral  other  different-fized 
jars  that  day,  (which  made  Mr.  Consta- 
ble fay  we  were  in  great  luck)  but  with- 
out anv  thing  elfe  remarkable. 

j o 

“ The  firft  experiment  was  made  foon 
in  the  afternoon  of  a clear  day,  and  the  mar 
chine  flood  direftly  between  us  and  a win- 
dow, which  was  not  above  a yard  from  it* 
I don't  hear  that  this  ball  of  fire  has  been 
produced  by  art  by  any  one  elfe,  to  this 
day,  although  it  is  often  produced  by  na- 
ture. 

“ I had  the  pleafure  of  ieeing  Mr.  Con- 
stable this  day,  and  of  reading  the  ac- 
count of  thefe  experiments  to  him,  and,  to 
the  bed  of  his  memory,  he  thought  the 
whole  was  ftriflly  true. 

“ Mr.  Constable  thinks  it  would  not 
be  difficult  to  repeat  the  experiment,  and  to 
produce  the  ball  of  fire  at  any  time,  provid- 
ed the  jar  is  large,  and  not  coated  too  near 
the  top,  and  that  the  wire  communicating 
from  the  prime  Conductor  to  the  infide  of 
the  jar  is  made  to  pafs  through  a fmall 
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glafs  tube,  (which  is  certainly  of  great  ad- 
vantage in  making  experiments  of  this  kind) 
and  that  the  machine  adts  very  flrong.  If 
not,  it  will  be  in  vain  to  attempt  it.” 

AFTER  this  letter.  Dr.  Priestley, 

cy> 

out  of  whofe  works  it  has  been  tranfcribed, 
fubjoins  the  following  remarks*: — ■“•The 
fadt  mentioned  in  the  preceding  letter  is 
of  a very  remarkable  nature,  and,  being 
perfedtly  well  afcertained,  it  is  of  impor- 
tance that  it  be  generally  known,  and  kept 
in  view.  For  though  no  perfon,  that  has 
hitherto  been  made  acquainted  with  it,  has 
been  able  to  repeat  the  experiment,  others 
may  be  more  fortunate.  Dr.  Franklin, 
and,  if  I miftake  not,  Mr.  Canton  alio, 
and  myfelf,  were  prefent  when  Mr.  Hen- 
l y / endeavoured  to  produce  this  appear- 
ance; but,  though  every  expedient  that  any 
of  us  could  fugged:  was  made  ufe  of,  we  had 
no  fuccefs,  and  I have  feveral  times  attempt- 
ed it  in  vain  lince./  I fhall  not,  however, 
defift  from  my  attempts.” 


* Experi  jtents  on  Air,  &c.  vol.  v. 

CL3 
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“ Mr.  Arden’s  own  evidence  is  abun- 
dantly fufficient  to  authenticate  the  fadt,  and 
I have  fince  had  from  Mr.  Constable 
himfelf  the  fame  account  of  4t.  Could  we 
repeat  this  experiment,  there  would  not,  I 
think,  be  any  natural  phenomenon  in 
which  the  eledtric  fluid  is  concerned,  that 
we  could  not  imitate  at  pleafure.  This  cir- 
cumftance  alone  makes  it  a very  interefling 
objedt  of  inveftigation.” 

. \ ,» 
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N°  IV. 

OBSERVATIONS  CONCERNING  SOME  PRO 
PERTIES  OF  THE  ELECTRIC  FLUID. 


M O N G S T the  various  experiments 


performed  by  Mr.  Wilson  in  the 
Pantheon,  as  mentioned  in  the  preceding 
pages,  he  made  fome  with  a long  wire, 
which  was  fufpended  by  filk  lines,  and 
went  in  various  directions  through  that 
great  building.  This  wire  was  4800  feet 
long,  and  V-r  of  an  inch  in  diameter.  It 
con  lifted  of  many  pieces,  which  were  con- 
nected by  twilling  the  feveral  ends  together. 
— Mr.  Wilson  electrified  this  extended 
wire  by  means  of  an  electrical  machine  fitu- 
ated  next  to  one  of  its  extremities ; and 
when  the  wire  was  fully  charged,  which 
happened  after  a few  turns  of  the  wheel,  a 
perfon  difcharged  it,  by  prefen  ting  his 
hand  to  it,  which  was  attended  with  a fhort 
fpark,  but  with  a very  difagreeable  ftrong 
fhock.  Then  Mr.  Wilson  took  an  equal 
length  of  wire,  of  the  fame  diameter  with 
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the  above-mentioned  extended  one,  and, 
putting  it  all  coiled  together  upon  a glafs 
ftand,  charged  it  with  eleCtric  fluid,  by 
means  of  the  fame  machine,  and  when 
this  wire  was  fully  charged,  which  took 
place  after  about  half  a turn  of  the  wheel, 
a fpark  was  taken  from  it,  but  which  occa- 
floned  a fenfation  by  no  means  comparable 
with  that  given  by  the  extended  wire,  fince 
this,  though  longer  than  the  fpark  of  the 
extended  wire,  was  hardly  to  be  felt,  where- 
as that  was  remarkably  ftrong. 

/ . , _ 

The  explanation  of  thofe  effedls  might 
eafily  occur  to  a perfon  little  verfed  in 
Electricity.  The  extended  wire  acquired 
a much  greater  quantity  of  Electricity  than 
that  which  was  coiled  up,  for  the  fame 
reafon  for  which  an  extended  piece  of  tin- 
foil,  twenty  fquare  feet  in  furface,  and  which 
weighs  one  pound,  can  acquire  incompar- 
ably more  Electricity  than  a folid  ball  of 
tin,  which  weighs  one  pound  alfo ; name- 
ly, becaufe  the  extended  wire  expoles  a far 
greater  furface  to  the  free  air,  than  the  wire 
that  is  coiled  up ; and  the  fpark  given  by 
the  coiled  wire  is  longer  than  that  given 

by 
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by  the  other,  in  fo  much  as  the  eledtric 
fluid,  whatever  its  quantity  may  be,  can  be 
much  more  condenfed  on  the  coiled,  mail 
on  the  extended  wirej  it  being  well  known, 
that  the  length  of  the  fpark  given  by  elec- 
trified Conductors  is  proportional  to  the 
condenfation,  and  not  to  the  quantity  of 
eledtric  fluid. 

To  obferve,  that  the  extended  wire  re- 
quired many  turns  of  the  wheel  before  it 
became  charged,  whereas  the  coiled  wire 
required  lefs  than  one  turn  ; the  obferva- 
tions  made  and  mentioned  by  various  wri- 
ters on  Electricity,  relating  to  the  capacity 
of  Conductors  under  various  circumftancesj 
Dr.  Franklin’s  experiment  of  the  can 
and  chain,  and  innumerable  other  experi- 
ments of  the  like  nature,  might  have  con- 
vinced Mr.  Wilson  of  the  truth  of  the 
above-mentioned  natural  and  clear  expla- 
nation; but,  upon  thofe  phenomena  Mr. 
Wilson  eftablifhes  a principle  which  does 
not  feern  fatisfaCtory.  He  imagined,  that 
in  fo  much  the  extended  wire  gave  a much 

tv 

ftronger  fhock  than  that  which  was  coiled 
up,  as  the  eleCtric  fluid  percurring  the 

whole 
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whole  length  of  the  extended  wire  acquired 
a great  degree  of  velocity ; hence  the  im- 
petus with  which  it  ftruck  the  hand  or  other 
body  prefented  to  the  charged  wire,  occa- 
fioned  that  difagreeable  fenfation, which  fen- 
fation  was  not  accompanied  with  the  fpark 
given  by  the  coiled  wire,  becaufe  the  elec- 
tric fluid  could  not  acquire  any  velocity,  a_s 
it  did  not  go  through  a great  extent  of  con- 
ducting fubftance. 

This  theory  feems  to  be  not  true,  for 
the  following  reafons.  Firft,  It  is  well 
known  that  metal,  and  in  general  any  fort 
of  conducting  fubflance,  does  in  fome  rnea- 
fure  refill  the  free  paffageof  the  eleCtric  fluid 
through  its  fubftance ; hence  the  eleCtric 
fluid,  in  going  through  a long  Conductor, 
muft  be  retarded  rather  than  accelerated. 
Secondly,  The  eleCtric  fluid  being  elaftic, 
whenever  a way  is  opened  for  it  to  cfcape  out 
of  a Conductor,  upon  which  it  has  been 
confined,  it  muft  exert  its  greateft  force  at 
firft ; that  is,  the  quantity  of  it,  which 
comes  out  at  firft,  has  the  greateft  velocity, 
becaufe  it  is  impelled  by  the  greateft  expan - 
five  force ; but,  according  as  more  and 


more 
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more  of  the  eleftric  fluid  comes  out  of  the 
Conductor,  that  impelling  force  or  elafticity 
decreafes ; hence  the  lad  particles  of  eleilric 
fluid  come  out  of  the  Condudtor  with  much 
lefs  velocity;  thus  in  a condenfing  fountain, 
out  of  which  the  ilream  of  water  iflues,  on 
account  of  the  elafticity  of  the  air  condens- 
ed in  the  cavity  of  the  inftrument,  the 
ftream  at  firfl:  comes  out  with  greater  vio- 
lence, and  mounts  higher  ud,  but  after- 
wards  loles  its  velocity  by  degrees,  becaufe 
the  condenled  air  becomes  gradually  lefs 
and  lefs  condenfed,  and  confequently  exerts 
a force  continually  fmaller  and  fmaller 
againft  the  water.  Laftly,  It  may  be  ob- 
ferved  in  general,  as  it  has  b,een  proved  by 
many  experiments,  that  if  two  unequal 
Cor.dudtors,  one  of  which  A is  more  ex- 
tended than  the  other  B,  dilcharge  equal 
quantities  of  eledric  fluid  under  the  form 
of  fparks  from  like  terminations,  the  fpark 
given  by  A is  lefs  ftrong  than  the  fpark 
given  by  B,  and  that  for  the  above-men- 
tioned reafons. 

% 

Notwithflanding  the  obvioufnefs  of  thofe 
remarks,  Mr.  Wilson,  fince  he  firfl  made 

' the 
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the  experiments  at  the  Pantheon,  feems  to 
have  become  continually  more  and  more 
attached  to  his  opinion,  fo  that  fome  time* 
ago,  he  publifhed  a fmall  tradt,  entitled, 
A fort  View  of  EleElricity , in  which  he 
endeavours  to  eltablifh  his  theory  of  the 
acceleration  of  the  eledlric  fluid,  &c.  upon 
mathematical  principles.  This  ffcep  deter- 
mined me  to  take  notice  of  it  in  this  Ap- 
pendix, in  order  to  prevent  any  wrong  no- 
tions in  the  heads  of  novices  3 for  perfons 

who  are  not  converfant  with  mathematics, 

* » _ 

will  take  any  propolition  for  true,  when 
they  are  told  that  it  is  mathematically 
fo.  Mr.  Wilson’s  theorem  conceals  a 
fallacy,  and  ihews  that  a perfon  very  well 
{killed  in  a fcience,  as  Mr.  Wilson  is  in 
Electricity,  can  ealily  fall  into  a miftake, 
when  he  is  too  much  attached  to  a favour- 
ite opinion. — Mr.  Wilson’s  words  are  the 

following : 

“ Upon  Acceleration. 

« The  experiments  at  the  Pantheon, 
« which  were  intended  to  fhew  the  acce- 
“ leration  of  the  fluid,  having  been  objeCt- 
“ ed  to  by  many,  who  have  not  fufficiently 

“ attended 


I 
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<«  attended  to  the  known  properties  of  the 
« elaftic  fluid,  it  has  been  thought  proper 
“ here  to  eftablifh  this  very  material  point 
“ upon  mathematical  principles, with  a view 
to  put  an  end  to  all  farther  difputes  on  the 
fubjed. 

“ But  before  this  is  done,  it  may  be 
€i  neceffary  to  mention  a material  fad  that 
t€  was  omitted  in  the  account  of  thofe  ex- 
periments  ; which  is  this, 

“ The  fhock  received  at  the  middle  of 
u the  long  wire,  was  conjiderably  lefs  than 
“ that  which  was  received  at  either  end. 

, / 

.“Theorem. 

A B 

1 1 t i 1 « 1 1 » > \ ( 

• >111111  1 "m ' •  *  * 

12345,  &c.  N 

I 

“ Let  A B reprefent  a cylinder  of  a given 
<c  diameter,  and  fuppofe  this  cylinder 
“ charged  with  the  eledric  fluid.  I fay,  if 
ic  all  the  particles  of  this  fluid  are  moved 
“ at  the  fame  inftant  towards  A,  the  effed 
“ produced  by  the  (hock  of  this  fluid  at 

“ A will 
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<c  A will  be  nearly  proportional  to  the 
cc  fquare  of  AB;  for  the  total  effedt  at 
“ A is  equal  to  the  fum  of  the  effedt  of  each 
“ particle  contained  in  the  cylinder  A B : 
“ and  the  effedt  of  each  particle  being  pro- 
“ portional  to  its  velocity,  the  total  effedt 
€€  at  A will  be  proportional  to  the  fum  of 
“ all  the  velocities.  But  fince  the  fluid  is 
“ fuppofed  nearly  perfedtly  elaftic,  all  the 
“ particles  will  arrive  at  A nearly  at  the 
€C  fame  inftant;  then  the  velocity  of  each 
“ particle  will  be  proportional  to  the  dif- 
<c  tance  from  the  place  it  fets  out,  and  the 
“ total  effedt  at  A will  be  proportional  to 
“ the  fum  of  all  thofe  diftances. 

i 

cc  But  all  thofe  diftances  are  exprelfed 
“ by  the  following  numbers,  i,  2,  3,  4, 

“ &c. N (N  expreffing  the 

“ length  A B)  in  an  arithmetical  progref- 
“ lion.  Then  the  fum  of  all  the  diftances 
“ will  be  expreffed  by  the  fum  of  the 
“ arithmetical  progreffion  1,  2,  3.  4,  5, 

“ &c. N,  and  the  effedt  at  A 

“ will  be  proportional  to  this  fum,  that  is 
“ to  fay,  to  N*  or  A B\  E.  D.” 


Mr. 
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Mr.  Wilson’s  abftrad:  propofition  is 
certainly  evident,  viz.  “ That  if  all  the 
particles  of  the  eledtric  fluid  are  moved  at 
the  feme  inftant  towards  A,  (by  which,  I 
fuppofe,  he  means  if  they  arrive  at  A in  the 
fame  inftant  of  time)  the  eft  eft  produced 
bv  the  ftiock  of  this  fluid  at  A will  be 

j 

nearly  proportional  to  the  fquare  of  A B.” 
But  this  propofition  cannot  be  poflibly  ap- 
plied to  the  matter  of  fad:,  or  adual  expe- 
riment, fince  the  condition  upon  which  the 
propofltion  depends  cannot  be  verified; 
viz.  we  do  not  know  whether  or  no  the 
particles  of  the  eledric  fluid  that  are  in  the 
long  wire,  do  ali  arrive  at  one  end  of  it 
precifely  at  the  lame  time.  Befides,  we 
may  fafely  fay,  that  from  the  confederations 
mentioned  in  the  preceding  pages,  and  from 
the  analogy  of  other  natural  phenomena, 
it  appears  that  they  do  not,  and  cannot 
arrive  to  the  extremity  of  the  wire  precifely 
at  the  fame  time.  Between  the  particles  of 
eledxic  fluid  which  arrive  firft  at  one  ex- 
tremity of  the  wire,  and  thofe  which  ar- 
rive laft  at  the  fame  extremity,  there  is  an 
interval,  a difference  of  time.  Mr.  Wil- 
son fays,  “ all  the  particles  will  arrive  at 

A,  nearly 
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A,  nearly  at  the  fame  inftant.”  Now,  even 
that  nearly  implies  a length  of  time,  which, 
however  imperceptible  it  may  be  to  cur 
fenfes,  is  yet  fufficient  for  the  natural  opera- 
tion. For  inftance,fuppofe  that  the  extended 
and  electrified  wire  is  a mile  long,  and  alfo 
fuppofe  that  a quantity  of  electric  fluid  em- 
ploys one  hundredth  part  of  a fecond  oftimeto 
go  through  that  length  of  wire,  and  that  with- 
out acceleration,  or  even  with  a little  retarda- 
tion, which  is  by  no  means  an  exaggerated 
fuppofition.  Now,  if  a way  be  opened  to  the 
eleCtric  fluid  in  the  wire,  viz.  the  hand,  &c. 
be  prefented  to  one  extremity  of  it,  the 
neareft  particles  of  the  eleCtric  fluid  will 
come  out  firft,  and  the  remotefl:  laft ; yet 
that  difference,  agreeably  to  the  fuppofition, 
does  not  exceed  one  hundredth  part  of  a fe- 
cond, which  is  abfolutely  unperceivable  by 
our  fenfes  fo  that  the  appearance  is  exactly 
the  fame  as  if  all  the  particles  of  the  elec- 
tric fluid  came  out  of  the  extremity  of  the 
wire  precifely  at  the  fame  inftant  of  time. 
I think,  therefore,  that  what  Mr.  Wilson 
imagines  to  have  eftablifhed  upon  mathe- 
matical principles,  is  far  from  being  mathe- 
matically demonftrable.  Without  dwelling 

5 *ny 
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any  longer  upon  Mr.  Wilson's  propofi- 
tion,  and  the  corollaries  which  he  deduces 
from  it,  I (hall  only  take  notice  of  a re- 
markable experiment  he  made  at  the  Pan- 
theon, with  the  already-mentioned  appara- 
tus; which,  however,  he  attributes  to  the 
increafed  velocity,  which  the  eledtric  fluid 
acquired  in  percurring  the  fubftance  of  a 
very  long  Conductor, 

Mr.  Wilson  fired  gunpowder  by  means 
of  the  ftream  of  electric  fluid,  but  without 
fpark  or  fhock.  The  method  is  as  follow^, 
in  his  own  words:  “ Upon  a ftaffof  baked 
“ wood  a ftem  of  brafs  was  fixed,  which 
“ terminated  in  an  iron  point  at  the  top. 
4C  This  point  was  put  into  the  end  of  a 
u fmall  tube  of  Indian  paper,  made  fome- 
44  what  in  the  form  of  a cartridge,  about 
t(  two-tenths  of  an  inch  in  diameter. 
44  When  this  cartridge  was  filled  with 
44  common  gunpowder  (unbruiled)  the 
44  wire  of  communication  with  the  well 
44  was  then  fattened  to  the  bottom  of  the 
“ brafs  ftem.  Being  fo  circumftanced,  and 
“ whilft  the  charge  in  the  great  cylinder 
(t  and  wire  was  continually  kept  up  by 
Vol.  II.  R « the 
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“ the  motion  of  the  wheel,  the  top  of  the 
“ cartridge  v/as  brought  fo  near  to  the 
“ drums  as  frequently  to  touch  the  metal. 
“ In  this  fituation,  a fmall,  faint,  lumi- 
“ nous  ftream  was  obferved  between  the 
“ top  of  the  cartridge  and  the  metal 
“ drum. 

“ Sometimes  this  ftream  would  fet  fire 
“ to  the  gunpowder  at  the  inftant  *of  the 

application;  at  others,  it  would  require 
<c  half  a minute,  or  more,  before  it  took 
* effed.  But  this  difference  in  time  might 
“ probably  arife  from  fome  difference  in  the 
f<  circumftances ; for  any  the  leaft  moi- 
“ fture,  &c.” 

It  feems  that  in  this  experiment  the  gun- 
powder v/as  fired  by  the  heat  occafioned 
by  the  denfe  ftream  iffuing  out  of  the  vaft 
Conductor,  which  difcharged  a prodigious 
quantity  of  eledric  fluid  in  that  concen- 
trated manner.  This  experiment  was  af- 
terwards imitated  by  Mr.  Nairne,  with 
the  Leyden  phial.  When  a large  eledric 
jar  waslcharged,  Mr.  Nairne  prefented 
the  cartridge  of  gunpowder,  fimilar  to  that 

ufed 
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ufed  by  Mr.  Wilson,  to  the  knob  of  the 
jar,  and  the  powder  was  fired  without  any 
explofion  of  the  jar.  In  this  experiment, 
the  wire  upon  which  the  cartridge  was  fixed, 
did  not  communicate  with  the  outfide  of 
the  jar  by  a good  conducting  communica- 
tion, but  both  the  outfide  of  the  jar,  and 
the  faid  wire,  did  communicate  with  the 
ground;  fo  that  it  may  be  faid,  that  the  cir- 
cuit between  the  two  fides  of  the  jar  was* 
imperfeCt ; hence  the  difcharge  ,was  not 
made  by  a full  explofion. 
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N°  V. 

EXTRACTS  FROM  MR.  VOLTA’s  PAPER, 
Inferted  in  the  7 2d  vol.  of  the  Phil.  Tranf. 

Concerning  the  Capacity  of  Conductors , a new 
Method  of  difcovering  very  fmall  Degrees 
cf  Electricity , and  the  Electricity  of  the 
Atmofphere . 

MR.  Volta’s  paper  on  the  method 
of  difcovering  the  fmalleft  degrees  of 
Electricity,  either  natural  or  artificial,  con- 
taining feveral  particulars  not  only  new,  but 
alfo  very  interefting  to  electricians,  it  was 
deemed  neceflary  to  infertin  this  book  at  lead; 
a fummary  account  of  them ; and  had  the  li- 
mits of  the  work  permitted  it,  I fhould  have 
tranfcribed  the  whole  paper ; however  the 
extrads  are  fuch  as,  I imagine,  will  convey 
a difiinCt  idea  of  the  difcoveries  of  that  ex- 
cellent eleCtrician,  and  will  leave  out  not 
more  than  what  the  ingenuity  of  the  reader 
may  eafily  fupply.  I have  generally  ufed  the 
C words 
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words  of  Mr.  Volta  himfelfj  but  I have 
changed  in  great  meafure  the  order  of  the  pa- 
ragraphs, for  the  fake  of  rendering  the  fub- 
jeCt  more  intelligible  in  a contracted  ftate. 

Conducting  bodies,  of  the  fame  fhape,  will 
contain  a greater  or  lefs  quantity  of  Elec- 
tricity, according  as  their  furfaces  are  lefs  or 
more  influenced  by  homologous  atmofpheres ; 
and  the  capacity  of  a Conductor,  which  has 
neither  its  form  nor  furface  altered,  is  in- 
creafed  when,  inflead  of  remaining  quite 
infulated,  the  Conductor  is  prefented  to 
another  Conductor  not  infulated,  and  this 
increafe  is  more  confpicuous,  according  as 
the  furfaces  of  thole  Conductors  are  larger 
and  come  nearer  to  each  other. — When  an 
infulated  Conductor  is  oppofed  or  prefented 
to  another  Conductor  whatever,  Mr.  Volta 
calls  it  a conjugate  Conductor* 

In  order  to  fhew  by  experiment  the 
above-mentioned  property  or  increafe  of 
capacity  in  a Conductor,  take  the  metal 
plate  of  an  eleCtrophorus,  and  holding  it  by 
its  infulating  handle  in  the  air,  eleCtrify  it  fo 
high,  as  that  the  index  of  an  electrometer  an- 
il 3 nexed 
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nexed  to  it  might  be  elevated  to  6o°;  then 
lowering  this  metal  plate  by  degrees  towards 
a table  or  other  conducing  plain  furface, 
you  will  obferve  that  the  index  of  the  elec- 
trometer will  fall  gradually  from  6o°  to  50% 
40°,  30°,  &c.  Notwithftanding  this  ap- 
pearance, the  quantity  of  Electricity  in  the 
plate  remains  the  fame,  except  the  faid 
plate  be  brought  fo  near  the  table  as  to  oc- 
cafion  a tranfmiffion  of  the  Electricity  from 
the  former  to  the  latter ; at  leaft  the  quan- 
tity of  Electricity  will  remain  as  much  the 
fame  as  the  dampnefs  of  the  air,  &c.  will 
permit.  The  decreafe,  therefore,  of  inten- 
lity  is  owing  to  the  increafed  capacity  of  the 
plate,  which  is  now  conjugate , viz.  oppofed 
to  another  conducing  furface.  In  proof  of 
which,  remove  gradually  the  metal  plate 
from  the  table,  and  it  will  be  found  that 
the  electrometer  riles  again  to  its  former 
ftation,  namely  to  6o°,  excepting  the  lofs  of 
that  quantity  of  Electricity,  which  during 
the  experiment  mud  have  been  imparted  to 
the  air.  , 1 * 

The  reafon  of  this  phenomenon  is  eafily 
derived  from  the  aCtion  of  eleCtric  atmo- 

fpheres. 
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fpheres.  The  atmofphere  of  the  metal  plate, 
which,  for  the  prefent,  we  Ural  I fuppofe  to 
be  electrified  pofitively,  aCts  upon  the  table 
or  other  Conductor  to  which  it  is  prefented; 
fo  that  the  eleCtric  fluid  of  the  table,  agree- 
ably to  the  known  laws,  retiring  to  the  re- 
moter part  of  it,  becomes  more  rare  in 
thofe  parts  which  are  expofed  to  the  metal 
plate,  and  this  rarefaCtion  becomes  greater, 
the  nearer  the  electrified  metal  plate  is 
brought  to  the  table.  If  the  metal  plate  be 
electrified  negatively,  then  the  contrary  ef- 
fects muft  take  place.  In  Ihort,  the  parts  im- 
merfed  into  the  fphere  of  aCtion  of  the  elec- 
trifled  metal  plate,  contract  a contrary  Elec- 
tricity, which  accidental  Electricity,  making 
in  fome  manner  a compenfation  for  the  real 
EleCtricity  of  the  metal  plate,  diminifhes  its 
intenfity,  as  is  fhewn  by  the  depreflion  of 
the  electrometer. 

The  two  following  experiments  will 
throw  more  light  upon  the  reciprocal  aCtion 
of  the  eleCtric  atmofpheres.  Firit,  fuppofe 
two  flat  Conductors,  electrified  both  pofi- 
tively or  both  negatively,  to  be  prefented 
towards,  and  to  be  gradually  brought  near, 

R 4 each 
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each  other ; it  will  appear  by  two  annexed 
electrometers,  that  the  nearer  thofe  two 
Conductors  come  to  each  other,  the  more 
their  intenfities  will  increafe;  which  fhews, 
that  either  of  the  two  conjugate  Conductors 
has  a much  lefs  capacity  now,  than  when  it 
was  fingly  infulated,  and  out  of  the  influence 
of  the  other.  This  experiment  explains 
the  reafon  why  an  electrified  Conductor 
will  Ihew  a greater  degree  of  intenlity  when, 
it  comes  to  be  contracted  into  a fmaller  bulk ; 

e 

and  alfo  why  a long  extended  Conductor 
will  fhew  a lefs  degree  of  intenlity  than  a 
more  compaCt  one,  fuppofing  that  the  quan- 
tity of  furface  and  of  EleCtricity  is  the  fame 
in  both;  becaufe  the  homologous  atmo- 
fpheres  of  their  parts  interfere  lefs  with 
each  other  in  the  former  than  in  the  latter 
cafe. 

\ • 

Secondly,  let  the  preceding  experiment  be 
repeated,  with  this  variation  only,  viz.  that 
one  of  the  flat  Conductors  be  electrified  po~ 
fitively,  and  the  other  negatively : the  ef- 
fects then  will  be  juft  the  reverfe  of  the 
preceding ; viz-,  the  intenfities  of  their 
Electricities  will  be  diminilhed,  becaufe 

their 
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their  capacities  are  increafed,  the  nearer  the 
Conductors  come  to  each  other. 

Let  us  now  apply  the  explanation  of  this 
laft  experiment  to  that  of  bringing  an  elec- 
trified metal  plate  towards  an  uninfulated 
conducting  plane ; for  as  this  plane  acquires 
a contrary  EleCtricity  by  the  vicinity  of  the 
electrified  plate,  it  follows  that  the  intenfity 
of  the  EleCtricity  of  the  metal  plate  mud  be 
diminithed,  and  in  the  fame  proportion  its 
capacity  is  increafed;  confequently  the  me- 
tal plate  in  that  cafe  may  receive  a greater 
quantity  of  EleCtricity. 

/ 

This  property  may  be  rendered  ftill  more 
evident,  by  infulating  the  conducting  plane 
whil ft  the  electrified  plate  is  very  near  it, 
and  afterwards  feparating  them;  for  then 
both  the  metal  plate  and  the  conducting 
plane  (which  may  be  called  the  inferior 
plane)  will  be  found  eledtrified,  but  poftelT- 
ed  of  contrary  Electricities,  as  may  be  afcer- 
tained  by  electrometers. 

If  the  inferior  plane  be  infulated  firft,  and 
then  the  electrified  plate  be  brought  over  it, 

then 
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then  the  latter  will  caule  an  endeavour  in 

- V ' 

the  former  to  acquire  a contrary  Electricity, 
which  however  the  infulation  prevents 
from  taking  place  3 hence  the  intenfity  of  the 
EleCtricity  of  the  plate  is  not  diminilhed, 
at  leaft  the  electrometer  will  (hew  a very 
little  and  gimoft  imperceptible  depreflion, 
which  is  owing  to  the  imperfection  of  the 
infulation  of  the  inferior  plane,  and  to  the 
fmall  rarefaction  and  condensation  of  the 
eleCtric  fluid,  which  may  take  place  in  dif- 
ferent parts  of  the  laid  inferior  plane.  But 
if  in  this  fituation  the  inferior  plane  be 
touched,  fo  as  to  cut  off  the  infulation  for  a 
moment,  then  it  will  immediately  acquire 
the  contrary  EleCtricity,  and  the  intenflty  in 
the  metal  plate  will  be  diminilhed. 

If  the  inferior  plane,  inftead  of  being  in- 
fulated,  were  itfelf  a non-conduCting  fub- 
fiance,  then  the  fame  phenomena  would 
happen,  viz.  the  intenfity  of  the  electrified 
metal  plate  laid  upon  it  would  not  be  di- 
minifhed.  This,  however,  is  not  always  the 
cafe  3 for  if  the  faid  inferior  non-conduCting 
plane  be  very  thin,  and  be  laid  upon  a Con- 
ductor, then  the  intenfity  of  the  electrified 

metal 


251 


appendix. 

metal  plate  will  be  diminilhed,  and  its  ca- 
pacity will  be  increafed  by  being  laid  upon 
the  thin  infulating  ftratum ; becaufe  in  that 
cafe  the  conducing  fubftance,  which  /lands 
under  the  non-conduCting  ftratum,  acquir- 
ing an  Electricity  contrary  to  that  of  the 
metal  plate,  will  diminifh  its  intenfity,  &c. 
and  the  infulating  ftratum  will  only  dimi- 
nifh the  mutual  action  of  the  two  atmo- 
fpheres,  more  or  lefs,  according  as  it  keeps 

them  more  or  lefs  aiunder. 

\ 

The  intenfity  or  eleCtric  aCtion  of  the 
metal  plate,  which  diminifhes  gradually  as 
it  is  brought  nearer  and  nearer  to  a conduct- 
ing plane  not  infulated,  becomes  almoft 
nothing  when  the  plate  is  nearly  in  contaft 
with  the  plane,  the  compenfation  or  acci- 
dental balance  being  then  almoft  perfect; 
hence  if  the  inferior  plane  only  oppofes  a 
frnall  refiftanee  to  the  paffage  of  the  Elec- 
tricity (whether  fuchrefiftance  be  occa/ioned 
by  a thin  electric  ftratum,  or  by  the  plane's 
imperfect  conducting  nature,  as  is  the  cafe 
with  dry  wood,  marble,  &c.)  that  refift- 
ance,  and  the  interval,  however  /mall,  that 
is  between  the  two  planes,  cannot  be  over- 


come 
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come  by  the  weak  intenfity  of  the  Electri- 
city of  the  metal  plate,  which  on  that  ac- 
count will  not  dart  any  fpark  to  the  inferior 
. plane  (except  its  Electricity  were  very 
powerful,  or  its  edges  not  well  rounded) 
and  will  rather  retain  its  Electricity ; fo 
that,  being  removed  from  the  inferior  plane, 
its  electrometer  will  nearly  recover  its  for- 
mer height.  Befides,  the  electrified  plate  may 
even  come  to  touch  the  imperfectly  con- 
ducting plane,  and  may  remain  in  that  fitu- 
ation  for  fome  time : in  which  cafe  the  in- 
tenfity being  reduced  almoft  to  nothing,  the 
Electricity  will  pafs  to  the  inferior  plane 
exceedingly  flowly. 

But  the  cale  will  not  be  the  fame,  if,  in 
performing  the  experiment,  the  electrified 
metal  plate  be  made  to  touch  the  inferior 
plane  edgewife ; for  then  its  intenfity  being 
greater  than  when  laid  flat,  as  it  appears  by 
the  electrometer,  the  EleCtricity  eafily  over- 
comes the  fmall  re (i fiance,  and  pafles  to 
the  inferior  plane,  even  acrofs  a thin  elec- 
tric lira  turn ; becaufe  the  EleCtricity  of 
one  plane  is  balanced  by  that  of  the  other, 
only  in  proportion  to  the  quantity  of  fur- 

face 
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face  which  they  oppofe  to  each  other  with- 
in a given  diftance  5 whereby,  when  the 
metal  plate  touches  the  other  plane  in  flat* 
and  ample  contadt,  its  Eledtricity  is  not  dif- 
fipated. 

This  explanation,  properly  applied,  ren- 
ders evident  the  adtion  of  points  in  general. 
Juftly  fpeaking,  a pointed  Condudtor,  not 
infulated,  when  prefented  to  an  eledtrified 
body,  has  not  in  itfelf  any  particular  virtue 
of  attracting  Eledtricity.  It  adts  only  like 
a Condudtor  not  infulated,  which  does  not 
oppofe  any  refiftance  to  the  paflage  of  the 
eledtric  fluid.  If  the  fame  Condudtor,  in- 
(lead  of  being  pointed,  were  to  prefent  a 
globular  or  flat  furface  to  the  eledtrified 
body,  neither  in  that  cafe  it  would  oppofe  a 
greater  refiftance  to  the  paflage  of  the  Elec- 
tricity. But  the  reafon  why  the  Eledtricity 
will  not  pafs  nearly  fo  eafily  from  the  elec- 
trified body  to  the  globular  or  flat  conduc- 
tor, as  to  the  pointed  one,  is  becaufe  in  the 
former  cafe  the  intenfity  of  the  Eledtricity  in 
the  eledtrified  body  is  weakened  by  the  op- 
pofed  flat  furface,  which,  acquiring  the 
contrary  Eledtricity,  compenfates  the  di~ 

minilhed 
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minifhed  intenfity  incomparably  more  than 
a point  is  able  to  do.  It  appears,  therefore, 
that  it  is  not  the  particular  property  of  a 
point  or  of  a flat  furface,  but  the  different 
ftate  of  the  electrified  body,  that  makes  it 
part  with  its  Electricity  eafier,  and  from  a 
greater  diftance,  when  a pointed  conducting 
fubftance,  than  when  a flat  globular  one,  is 
prefented  to  it. 

What  looks  like  a paradox  in  the  cafe  of 
an  electrified  plate  Handing  upon  an  imper- 
fectly conducting  plane,  is,  that  the  metal 
plate,  whilft  ftanding  upon  the  other  plane, 
will  not  lofe  all  its  Electricity,  even  if  it  be 
touched  with  a finger  or  with  a piece  of 
metal ; fo  that  it  generally  remains  fo  far 
electrified,  as  when  it  is  afterwards  feparat- 
ed  from  that  plane,  it  will  often  afford  a 
fmall  fpark,  or  at  leafl:  it  will  affect  an  elec- 
trometer. Indeed  this  phenomenon  could 
not  be  explained  upon  the  fuppofition  that 
the  finger  or  the  metals  were  perfect  Con- 
ductors : but  lince  we  do  not  know  of  any 
perfect  Conductor,  the  metals  or  the  fin- 
ger oppofe  a refiftance  fufticient  to  retard 
the  immediate  difiipation  of  the  Electricity 

of 
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of  the  plate,  which  is  in  that  cafe  actuated 
by  a very  fmall  degree  ofintenfity  or  endea- 
vour of  expanding ; fo  that  fuppofe,  for 
infiance,  that  the  piece  of  metal  or  the  fin- 
ger, by  touching  the  plate,  took  off  fo  much 
of  its  Electricity  as  to  reduce  the  intenfity 
of  the  remainder  to  the  fiftieth  part  of  a 
degree,  this  remaining  Electricity  would 
then  be  almofi  nothings  but  when  the 
plate,  by  being  feparated  from  the  inferior 
plane,  has  its  capacity  fo  far  diminished  as 
to  render  the  intenfity  of  its  EleCtricity  one 
hundred  times  greater,  then  the  intenfity  of 
that  remaining  EleCtricity  would  become  of 
two  degrees,  viz . fufficient  to  afford  a fpark 
or  to  affeCt  an  electrometer. 

Hitherto  we  have  confidered  in  what 
manner  the  aCtion  of  eleCtric  atmofpheres 
muft  modify  the  EleCtricity  of  the  metal 
plate  in  various  fituations.  We  muft  now 
confider  the  effeCts  which  take  place  when 
the  EieCtriChy  is  communicated  to  the  me- 
tal piatewhilft  Handing  upon  the  imperfectly 
conducting  plane;  however  the  explanation 
of  tins  eafily  follows  from  what  has  been 
faid  above,  Suppofe,  for  inftance,  that  a 

Leyden 
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Leyden  phial  or  a Conductor  were  fo  weakly 
electrified,  that  the  intenfity  of  its  Electricity 
were  only  of  half  a degree,  or  even  lefs ; if 
the  metal  plate,  when  ftanding  upon  the 
proper  plane,  were  touched  with  that  phial 
or  Conductor,  it  is  evident  that  either  of 
them  would  impart  to  it  a quantity  of  its 
EleCtricity,  proportional  to  the  plate's  capa- 
city, viz.  fo  much  of  it  as  would  make  the 
intenfity  of  the  EleCtricity  of  the  plate  equal 
to  that  of  the  EleCtricity  in  the  Conductor 
or  phial,  fuppofed  of  half  a degree ; but  the 
plate's  capacity,  now  that  it  lies  upon  the 
proper  plane,  is  above  one  hundred  times 
greater  than  if  it  flood  infulated  in  the  air ; 
or,  which  is  the  fame  thing,  it  requires  one 
hundred  times  more  EleCtricity  in  order  to 
fhew  the  fame  intenfity;  therefore,  in  this 
cafe,  it  mull  acquire  upwards  of  a hundred 
times  more  EleCtricity  from  the  phial  or 
Conductor.  It  naturally  follows,  that 
when  the  metal  plate  is  afterwards  removed 
from  the  proper  plane,  its  capacity  being 
lefFened  fo  as  to  remain  equal  to  the  hun- 
dredth part  of  what  it  was  before,  the  in- 
tenfity of  its  EleCtricity  mufi  become  of 
50°;  fince,  agreeably  to  the  fuppofition,  the 

intenfity 
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interifity  of  the  Electricity  in  the  phial  or 
Conductor  was  of  half  a degree 

t k • * 

A.  Conductor  that  is  eleCtrified  whilil 
ftanding  in  full  and  ample  contaCt  with 
another  proper  Conductor,  or  femi-infulat- 
ing  body,  as  above-mentioned,  and  is  after- 
wards feparated  from  it,  fhews  the.  fame 
phenomena  that  are  exhibited  by  a Conduc- 
tor, which,  after  being  eleCtrified,  is  con- 
tracted into  a fmaller  bulk,  or  contrarywife, 
like  Dr.  Franklin’s  experiment  of  the 
can  and  chain,  &c.  •f'. 

If  a fmall  quantity  of  EleCtricity  com- 
municated to  the  metal  plate,  /whilft  hand- 

„ * , w * /*  i . . 

9 

* In  a paper  on  the  capacity  of  fimple  Conductors, 
Mr.  Volta,  confidering  the  great  capacity  of  a Leyden 
phial,  fhews  that  the  caufe  of  it  is  the  Electricity  com- 
municated to  one  of  its  furfaces  being  balanced  by  the 
contrary  Electricity  of  the  oppofite  futface.  He  like- 
wile  proves,  that  the  capacity  of  fixteen  fquare  inches  of 
coated  electric  furface  is  equal  to  the  capacity  of  a Con- 
ductor made  of  filvered  cylindrical  ticks,  nearly  one 
hundred  feet  long,  the  capacity  of  which  is  fo  great  as 
to  afford  a fpark  capable  of  occafioning  a fhock  confi- 
derably  ftrong. 

t See  page  331,  vol.  i.  of  this  work, 

Vql.  II,  S ing 
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ing  on  the  proper  plane,  will  afterwards 
enable  it  to  give  a ilirong  fpark,  it  may  be 
afked,  what  would  a great  quantity  of 
Electricity  do  ? The  anfwer  is,  that  it 
would  do  nothing  more ; becaufe,  when  the 
Electricity  Communicated  to  the  metal  plate 
is  fo  ftrong  as  to  overcome  the  fmall  refift- 
ance  of  the  inferior  plane,  it  will  then  be 
diflipated. 

It  will  be  readily  underftood,  that  if  the 
metal  plate  fituated  upon  a proper  plane 
can  receive  a good  fihare  of  Electricity  from 
a Leyden  phial,  or  from  an  ample  Conduc- 
tor, however  weakly  electrified,  it  cannot 
receive  any  confiderable  quantity  of  it  from 
a Conductor  of  a fmall  capacity ; for  this 
Conductor  cannot  give  what  it  has  not, 
except  it  were  continually  receiving  a 
itream,  howfoever  fmall,  of  EleCtricity,  as 
is  the  cafe  with  an  atmofpherical  Con- 
ductor, or  with  the  prime  Conductor  of  an 
eleCtrical  machine,  which  aCts  very  poorly, 
but  continues  in  aCtion.  However  in  fuch 
cafe  a confiderable  time  mult  elapfe  before 
the  metal  plate  has  acquired  a fufficient 
quantity  of  EleCtricity, 


Thus 
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Thus  much  being  premifed  relating  to 
the  capacity  of  Condu&ors,  we  now  pro- 
ceed to  defcribe  Mr.  Volta’s  ingenious  me- 
thod of  difcovering,  or  of  rendering  fenfible, 
the  fmalleft  quantity  of  Eleftricity,  which 
is  entirely  dependent  on  the  foregoing  prin- 
ciples. 

* 

The  method,  in  fhort,  is  to  communicate 
the  fmall,  and  otherwile  unobfervable  quan- 
tity of  Electricity  to  the  metal  plate  of  an 
eleCtrophorus  whilft  Handing  on  an  imper- 
fectly infulating  plane  ; for  in  that  fituation 
the  capacity  of  the  metal  plate  being  aug- 
mented, it  will  acquire  an  incomparably 
greater  quantity  of  Electricity  than  if  it 
Hood  infulated  in  the  air  j and  afterwards, 
when  feparated  from  the  plane,  its  capacity 
will  be  contracted;  and  confequently,  its 
Electricity  increafing  at  the  fame  time,  its 
intenfenefs  will  evidently  manifeft  itfelf 
either  by  fparks,  or,  which  is  the  eafieft  and 
fafelt  method,  by  means  of  an  electrometer. 

The  particulars  neceflary  to  be  kept  in 
view  in  this  method  are  the  following.  The 
metal  plate  muft  be  at  leaft  fix  inches  in  di- 

^ 2 ameter. 
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ameter,  with  the  edge  well  rounded,  and 
having  a varnifhed  glafs  handle- — inftead  of 
a glals  feme  perfons  have  ufed  three  fllk 
firings.  The  inferior  plane  muft  be  of  a 
very  imperfect  conducting  nature,  as  dry 
marble,  very  dry  and  llightly  varnifhed 
wood,  a common  piece  of  wood  covered 
with  oiled  filk,  or  fuch-like  fubftance ; but 
let  the  fubflance  be  what  it  will,  its  furface 
muft  be  very  fmooth,  and  fuch  as  to  coin- 
cide as  well  as  poffible  with  the  furface  of 
the  metal  plate ; on  which  account,  if  a 
marble  flab  be  chofen  for  the  inferior 
plane,  it  will  be  proper  to  fit  the  furface  of 
the  metal  plate  to  that  of  the  marble,  by 
grinding  one  againft  the  other.  What  I 
find  to  be  very  fit  for  this  purpofe  is  a paper 
drum,  confifting  of  a common  wooden  hoop, 
fuch  as  are  ufed  for  barrels,  over  which  a 
piece  of  thick  writing-paper  is  parted,  on  the 
back  of  which  I parte  a piece  of  tin-foil. 
The  upper  furface  of  the  paper  is  varnifhed 
only  once  with  fhell-lac  difiolved  in  fpirit 
of  wine.  This  fort  of  plane  has  many  ad  - 
vantages, viz.  it  is  eafily  made,  and  being 
light  is  very  portable ; its  furface  is  per- 
fectly plane,  excepting  indeed  when  the 

hoop 
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hoop  is  not  very  ftrong,  for  then  the  con- 
traction of  the  paper  has  power  fufficient  to 
warn  it ; and  laftly,  as  the  thickneis  of  the 
paper  and  of  the  varnifh  may  be  varied  at 
pleafure,  and  very  eafily,  the  faid  plane  may 
be  rendered  of  any  required  degree  of  con- 
ducting power. 

Now  fuppofmg  that  an  inferior  femi-con- 
ducting  plane  and  a metal  plate  are  properly 
conftruCted,  lay  the  former  upon  a table,  and 
upon  it  lay  the  latter,  taking  care  that  in 
this  operation,  or  in  wiping,  &c.  the  furface 
of  the  inferior  plane  be  not  excited,  for 
that  would fruftrate  the  experiment*.  Then, 
with  the  corner  of  a dry  handkerchief,  a 
piece  of  flannel,  of  paper,  &c.  ftrike  five  or 
fix  times  the  metal  plate.  Afterwards, 
laying  hold  of  the  giafs  handle,  lift  up  the 
metal  plate  from  over  the  inferior  plane, 
and  prefen  ting  it  to  the  electrometer  you 
will  find  that  it  is  evidently  electrified.  If 

j 

* In  cafe  the  furface  of  the  inferior  plane  has  ac- 
quired any  Electricity,  either  from  rubbing  it  inad- 
vertently, or  otherwife,  the  beft  way  of  freeing  it  of  that 
Electricity,  is  to  pafs  it  over  the  flame  of  a candle  two  or 
three  times. 

S 3 this 
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this  experiment  of  ftriking  the  plate  be 
repeated  when  the  plate  is  not  on  the  proper 
plane,  you  will  find  either  not  the  leaft  vef- 
tage  of  Electricity,  or  a quantity  of  it  in- 
comparably fmaller  than  that  obtained  in  the 
other  way. 

By  this  means,  Mr.  Volta  has  obtained 
Electricity  not  only  fufficient  to  manifeft  its 
quality,  but  even  enough  to  afford  fparks, 
and  that  from  fubftances  which  could  be 
hardly  fufpeCted  to  be  electrified.  An  at- 
rnolpherical  Conductor  not  much  elevated 
above  the  top  of  a houfe,  if  it  be  made  to 
communicate  with  the  metallic  plate  land- 
ing on  the  proper  plane  (which  Mr,  Vol- 
ta juftly  calls  the  electrical  condenjing  ap- 
paratus) will  be  found  to  be  electrified 
at  times  in  which  it  would  not  fhew  any 
figns  of  EleCtricity  by  any  other  means. 
Several  fubftances,  even  fome  that  are  con- 
fide red  as  very  good  Conductors,  will  be 
found  to  afford  a fenfible  quantity  of  Elec- 
tricity, when  the  metal  plate  of  the  con- 
denfing  apparatus  is  ftroked  with  any  of 
them,  fuch  as  pieces  of  cloth,  or  of  leather, 
xnoft  green  vegetables,  and  even  the  human 
c diand. 
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hand.  Indeed  there  is  hardly  any  fubftance, 
befides  fluids  or  very  foft  lubftances,  which 
will  not  afford  a lenfible  degree  of  Electri- 
city by  this  method.  But  the  molt  remark- 
able difcoveries  made  by  Mr.  Volta,  arc 
that  the  evaporation  of  water  and  other  flu- 
ids produces  Eledtricity.  Some  effervefcences 
he  alfo  found  to  produce  Eledtricity,  though 
their  Eledtricity  may  be  only  the  confe- 
rence of  the  evaporation  which  generally 
accompanies  effervefcences ; but  before  I 
mention  any  thing  farther  relating  to  thofe 
difcoveries,  I lhall  jufl:  defcribe  two  im- 
provements of  mine  concerning  the  above- 
mentioned  condenfing  apparatus. 

Obferving  that  in  ftroking  the  metal  plate 
in  order  to  obtain  Eleftricity  from  various 
fubftances,  and  efpecially  from  the  hand, 
the  plate  was  often  moved  fo  as  to  occafion 
fome  fridtion  upon  the  inferior  plane,  which 
fometimes  excited  that  plane  in  a fmall  de- 
gree, and  conlequently  rendered  precarious 
the  refult  of  the  experiment,  I thought  of 
the  following  improvement,  which  entirely 
prevents  any  motion  being  communicated  to 
the  metal  plate. 

S 4 
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Upon  a varnifhed  glafs  handle  a brafs  tube 
about  fix  inches  long,  and  f of  an  inch  in  di- 
ameter, was  cemented,  and  from  the  extre- 
mity of  this  tube  a fine  and  very  flexible 
wire  proceeded,  which  was  about  fourteen 
inches  long.  Now  when  the  metal  plate 

was  fituated  upon  the  inferior  plane,  I held 

• 

the  glafs  handle  of  the  brafs-  tube  with  my 
left  hand. in  fuch  a manner  as  that  the  end  of 
the  wire  might  touch  the  plate,  the  reft  re- 
maining in  the  air.  Sometimes,  in  order  to 
make  a better  contact,  the  end  of  the  above- 
mentioned  wire  wras  put  into  a hole  purpofe- 
3y  made  in  the  edge  of  the  plate.  In  this 
difpofition  of  the  apparatus  the  fubftances 
to  be  tried  are  ftroked  upon  the  brafs  tube, 
and  the  Electricity  produced  by  them  is 
conveyed  to  the  metal  plate  by  the  wire, 
which  being  fine  and  flexible  communicates 
not  the  leaft  motion  to  the  laid  plate. 

The  other  improvement  confifts  in  ren- 
dering fenfible  degrees  of  Electricity  ftill 
fmaller  than  thofe,  which  may  be  difcovered 
by  the  above-mentioned  condenfing  appara- 
tus. This  improvement  was  fuggefted  by, 
and  is  founded  upon,  the  fame  principles. 

Notwith- 
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Notwithftanding  the  great  fenfibility  of 
this  apparatus  of  Mr.  Volta,  yet  fome- 
times  the  Eledtricity  acquired  by  the  metal 
plate  from  feme  fubftances,  was  fo  fmall  as 
not  to  affedt  an  eledtrometer  fufficiently  to 
afeertain  its  quality,  or  even  its  exiftencej 
hence  I naturally  thought  that,  for  the  fame 
reafon  for  which  the  metal  plate  of  the 
condenfmg  apparatus  manifefted  fuch  fmall 
degrees  of  Eledtrici  ty  as  could  not  be  other- 
wile  obierveci,  anc  t er  fmaller  plate,  or  fmall 
condenling  apparatus,  might  be  employed  to 
colledl  and  render  fen fible  the  weak  Elec- 
tricity of  the  large  metal  plate.  Accordingly 
I conftrudted  a finail  plate  of  about  the  lize 
of  a lhiliing,  having  a glafs  handle  covered 
with  feating-wax;  aud  when  the  large  me- 
tal plate  feemed  to  be  fo  weakly  eiedtrified 
as  not  to  affedt  an  eledtrometer  fenfibly,  I 
. placed  the  fmall  plate  upon  the  inferior 
plane,  and  touched  it  with  the  edge  of  the 
large  plate  : then,  after  removing  the  large 
plate,  I took  up  the  fmall  one  from  the  plane, 
holding  it  by  the  extremity  of  the  glafs  han- 
dle, and  prefented  it  to  the  eledtrometer, 
which  was  generally  fo  much  affected  by  it 
as  to  diverge  to  its  utmoft  limits. 

In 
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In  this  manner  I.  have  often  obtained 
Electricity  more  than  fufficient  to  afcertain 
its  quality,  from  a fingle  ftroke  of  the  cor- 
ner of  a handkerchief:  viz.  the  large  plate 
being  placed  upon  the  proper  plane  was 
ftroked  once  ; then  being  removed  and  pre- 
fented  to  an  electrometer,  it  appeared  not 
electrified,  but  by  touching  the  frnall  plate 
with  the  edge  of  it,  that  frnall  plate  acquired 
thereby  EleCtricity  fufficient  to  make  an 
electrometer  diverge. 

When  this  fecondary  condenfing  apparatus 
is  ufed,  care  muft  be  had  to  hold  the  large 
plate  almoft  vertically  whilft  the  lmall  plate 
is  touched  with  it.  There  is  no  need  of 
having  another  inferior  plane  for  the  frnall 
plate,  the  large  one  being  fufficient  for 
both ; for  immediately  after  taking  up 
the  large  plate  weakly  electrified,  with 
one  hand,  you  lay  down  the  frnall  plate, 
&c. 

The  little  quantity  of  EleCtricity  that  can 
be  difcovered  by  this  means  is  really  furprif- 
ingj'and  there  is  hardly  any  fubftance,  ex- 
cepting the  metals,  or  thofe  which  cannot  be 

fubjeCted 
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fubjedted  to  trial,  as  water  and  other  fluids, 
which  will  not  produce  fome  Eledtricity 
when  rubbed  or  ftrokedagainft  the  large  plate 
of  the  condenfingapparatus,and  that  Electri- 
city is  afterwards  condenfed  by  being  com- 
municated to  the  fmall  plate.  In  confe- 
quence  of  thofe  experiments  it  appears,  that 
throughout  the  works  of  nature  there  is  a 
continual  motion  of  the  eledtric  fluid  from 
one  fubftance  to  another ; fince  there  is 
hardly  any  fridtion,  and,  as  it  will  appear 
by  what  follows,  any  evaporation  or  con- 
denfation,  but  it  produces  Eledtricity.  The 
exteniive  influence  of  this  fluid,  or  of  that 
power  which  we  call  electric , and  the  im- 
menfe  dependence  of  the  powers  of  nature 
on  each  other,  indicate  that  Eledtricity  mud 
be  employed  for  fome  great  operation ; but 
human  induftry  has  not  yet  removed  the  veil 
from  this  great  myftery. 

The  principal  difcovery  which  Mr. 
Volta  made  by  means  of  the  condenfing 
apparatus,  is  the  Eledtricity  produced  by  the 
evaporation  of  water,  which  explains  in  a 
great  meafure,  if  not  entirely,  the  origin  of 

the 
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the  atmofpherical  Electricity  *.  He  found 
that  water  quickly  evaporated,  that  the  Am- 
ple combuftion  of  coals,  and  that  the  effer- 
vescence. of  iron  filings,  in  diluted  vitriolic 
acid,  when  performed  in  infulated  vefiels, 
left  the  vefiels  negatively  electrified.  This 
negative  Electricity  he  generally  collected  and 
rendered  manifest  by  means  of  the  above- de- 
fcribed  condenfing  apparatus ; but  fome- 
times  it  is  fo  fir  on  g as  not  to  require  any 
thing  more  than  a fenfible  electrometer  con- 
nected with  the  infulated  veflel  by  means  of 
Conductors,  as  a wire  or  the  like. 

The  experiment  of  producing  EleCtricity 
by  the  evaporation  of  water  may  be  eafily 
performed,  thus — Upon  an  infulating  fcand, 
as  a wine  glafs  or  other  eleCtric  fubftance, 
place  an  earthen  vefiel,  as  a crucible,  a 
bafin,  or  fuch  like  thing,  and  put  into  it 
three  or  four  lighted  coals.  Let  a wire  be 
put  with  one  end  amongft  the  coals,  and 
with  the  other  let  it  touch  a very  fenfible 
eleClrometer.  ( One  of  my  improved  atmo- 

* This  difcoverywas  made  on  the  13th  of  April, 
1782.  » 

' v S fpherical 
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fpherical  electrometers,  viz.  that  in  the 
bottle,  anfwers  very  well.)  Then  pour  a 
fpoonful  of  water  at  once  upon  the  coals, 
which  will  occafi’on  a great  hiffing,  and  a 
quick  evaporation;  and  at  the  fame  time 
you  will  fee  the  electrometer  diverge  with 
negative  Electricity. 

Mr.  Volta  concludes  the  account  of 
thole  difcoveries  with  the  following  ino-e 
nious  remarks.  “ The  experiments, ” Jays  he, 
“ hitherto  made,  though  not  numerous, 
“ yet  concur  to  ihew,  that  the  vapours  of 
“ water,  and  in  general  the  parts  of  all  bo- 
“ dies,  that  are  feparated  by  volatilization, 
“ carry  away  an  additional  quantity  of  elec- 
“ trie  fluid  as  well  as  of  elementary  heat  • 
“ and  confequently  that  thofe  bodies,  from 
“ the  contad  of  which  the  volatile  parti- 
“ cles  have  been  feparated,  remain  both 
“ cooled  and  eledrified  negatively:  from 
“ which  it  may  be  deduced,  that  whenever 
“ bodies  are  refolved  into  volatile  elaflic 
fluid,  their  capacity  for  holding  eledric 
“ fluid  is  augmented,  as  well  as  their  ca- 
pacity for  holding  common  fire,  or  the 
“ calorific  fluid.  This  isaftriking  analogy 
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(S  by  which  the  fcience  of  Electricity 
€C  throws  fome  light  upon  the  theory  of 
*c  heat,  and  alternately  derives  light  from 
" it. 

<c  By  following  this  analogy  it  feems, 
“ that  as  the  vapours  on  their  condenfing 
“ lofe  part  of  their  latent  heat,  on  account 
“ of  their  capacity  being  diminiflied,  fo 
“ they  part  with  fome  eleCtric  fluid.  Hence 
“ originates  the  pofltive  EleCtricity,  which 
cc  is  always  more  or  lefs  predominant  in  the 
<c  atmofphere,  when  the  fley  is  clear,  viz. 
“ at  that  height  where  the  vapours  begin 
“ to  be  condenfed.  Accordingly,  the  at- 
€i  mofpherical  EleClricity  is  flxonger  in  fogs, 
4‘  in  which  cafe  the  vapours  are  more  eon- 
€t  denfed,  fo  as  to  be  almofl;  reduced  into 
(C  drops,  and  is  ftill  ftronger  when  thick 
u fogs  become  clouds. 

“ Hitherto  we  have  accounted  for  the 
fc  pofltive  atmofpherical  EleCtricity ; hut  it 
“ is  eafy  to  account  for  clouds  negatively 
“ electrified ; for  when  a cloud,  pofitively 
€(  electrified,  has  been  once  formed,  its 
t(  fphere  of  aCtion  is  extended  a great  way 

" round. 
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cc  round,  fo  that  if  another  cloud  comes 
<c  within  that  fphere,  its  eledric  fluid, 
agreeably  to  the  well-known  laws  of 
eledric  atmofpheres,  muft  retire  to  the 
“ parts  of  it  which  are  the  remote!!  from 
“ the  firi!  cloud ; and  from  thence  the 
“ eledric  fluid  may  be  communicated  to 
“ other  clouds,  or  vapours,  or  terreftrial 
“ prominencies.  Thus  a cloud  may  be 
“ eledrified  negatively,  which  cloud,  after 
“ the  lame  manner,  may  occafion  a pofitive 
“ Eledricity  in  another  cloud,  &c.  This 
“ explains  not  only  the  negative  Eledricity, 
“ which  is  often  obtained  from  the  atmo- 
“ fphere  in  cloudy  weather,  and  the  fre- 
“ quent  changes  from  pofitive  to  negative 
“ Eledricity,  and  contrarywife  in  flormy 
iC  weather,  but  alfo  the  waving  motion 
“ often  obferved  in  the  clouds,  and  the 
“ hanging  down  of  them,  fo  as  nearly  to 

“ touch  the  earth. 

/ 

€€  After  the  fore-mentioned  difeoveries, 
“ we  need  no  longer  wonder  at  the  appear- 
“ ance  of  lightnings  in  the  eruptions  of  vol- 
“ canoes,  as  was  particularly  obferved  in  the 

“ late 
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**  late  dreadful  eruption  ofMount  Vefuviiis. 
“ The  few  experiments  I have  made,  (hew* 
cc  that  the  quantity  of  fmoke ; but  much 
“ more  the  rapidity  with  which  it  is  pro- 
«c  duced,  tends  to  increafe  the  Electricity, 
«*  which  anles  from  combuftion,  &c.  How 
« great  muft  then  be  the  quantity  of  Elec- 
« tricity  that  is  produced  in  fuch  erup- 
“ tions  !” 
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AN  ACCOUNT  OF  A VERY  POWERFUL 
ELECTRICALMACHINE,  LATELY  CON- 
STRUCTED FOR  THE  MUSEUM  OF  TEY- 
LER,  AT  HARLEM  > AND  OF  VARIOUS 
EXPERIMENTS  MADE  WITH  IT. 

TH  E defcription  of  this  machine,  and 
of  feveral  experiments  made  with  it, 
was  written  by  Mr.  Van  Marum,  who 
has  himfelf  been  the  principal  operator  in 
thofe  experiments.  The  various  new  and 
interefting  particulars  which  are  mentioned 
in  this  defcription,  render  it  deferving  of  be- 
ing read  at  large  by  every  lover  of  philofo- 
phy;  and  the  prefent  fhort  extrait  is  intend- 
ed only  to  give  an  idea  of  it  to  thofe  who 
have  not  the  opportunity  of  perufing  the 
original,  which  was  lately  publifhed  at 
Harlem. 

This  machine  confifts  of  two  circular 
glafs  plates,  each  65  inches  in  diameter, 
which  being  fixed  parallel  to  each  other,  and 
Vol.  II.  T 7-  inches 
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74-  inches  afunder,  on  a common  axis,  are 
turned  by  a winch  without  any  accelerated 
motion,  and  are  rubbed  by  eight  rubbers,  all 
being  placed  in  a proper  frame.  Each  plate 
is  rubbed  on  both  furfacesj  two  cushions  or 
rubbers  being  on  one  fide,  and  two  on  the 
oppofite  fide  of  each  .plate.  The  prime 
Conductor  is  divided  into  branches,  which 
enter  between  the  plates,  and,  by  means  of 
points,  colledl  the  eledtric  fluid  only  from 
their  inner  furfaces. 

In  general  two  men  are  employed  to 
work  this  machine,  but  when  it  is  required 
to  keep  it  in  adtion  for  a long  time,  then 
four  men  are  put  to  it. 

The  power  of  this  machine  appears  to  be 
greater  than  that  of  any  other  made  before, 
and  indeed  its  effedts  are  furprifing.  I lhall 
only  enumerate  them  as  briefly  as  poflible, 
without  expatiating  on  the  points  of  com- 
panion between  them  and  others  of  a fimi- 
lar  nature,  performed  with  other  machines. 

A very  fharp  fteel  point,  being  prefented 
to  the  prime  Condudlor,  drew  a luminous 
7 . ftream 
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ftream  of  electric  flu.d,  about  half  an  inch 
long. 

When  a fharp  fteel  point  was  fixed  to  the 
Conductor,  fo  as  to  project  three  inches  from 
it,  on  working  the  machine  the  point  threw 
out  lftreams  of  light,  which  were  fix  inches 
long  when  a ball  of  three  inches  in  diameter 
was  prefented  to  it;  and  only  two  inches 
long  when  another  point  was  prefented  in- 
ftead  of  the  ball. 

The  fenfation,  commonly  called  the  fpi- 
der’s  web,  on  the  face  of  the  by-ftanders, 
when  this  machine  is  in  aCtion,  is  often 
felt  at  the  diftance  of  eight  feet  from  the 
prime  Conductor. 

A thread  fix  feet  long,  fufpended  perpen- 
dicularly, was  fen fibly  attracted  by  the  prime 
Conductor  at  the  diftance  of  thirty-eicmt 

, * O 

feet.  This  attraction  of  the  thread  by  the 
prime  Conductor  was  fuch  as  juft  to  make 
the  thread  deviate  from  the  perpendicular 
diredtion.  A pointed  wire,  prefented  to  the 
CondqCtor,  appeared  luminous,  even  whefi 
the  diftance  between  the  former  and  the 
latter  was  twenty-eight  feet. 

T a 
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Another  Conductor  being  prefented  to 
the  prime  Conductor,  in  order  to  receive 
the  fparks  from  it,  and  a perfect  metallic 
communication  being  made  between  the 
former  and  the  earth,  by  means  of  a long 
brafs  wire  -f-  of  an  inch  in  diameter;  it  was 
found,  that  whilft  a ftream  of  electric  fluid 
went  from  the  prime  Conductor  to  the 
other,  which  may  be  called  the  receiving 
Conductor , the  brafs  wire  gave  fmall  fparks 
to  conducting  bodies  that  were  placed  near 
it.  The  quantity  of  electric  fluid,  accumu- 
lated by  this  machine  and  difcharged  by  the 
prime  Conductor,  muft  have  been  really 
fiirprifingly  great ; finee  a wire  of  1 of  an 
inch  in  diameter  was  not  capable  of  tranf- 
mitting  it  to  the  earth  very  eafily.  The 
fparks  between  the  two  Conductors  were 
generally  21,  but  fometfmes  24  inches  long. 
The  ftream  of  fire  was  crooked,  and  darted 
many  lateral  hrufhes  of  a very  large  fize. 

Gunpowder,  after  the  manner  formerly 
ufed  by  Mr,  Wilson,  as  it  is  mentioned  in 
the  preceding  pages,  and  fome  other  com- 
buftiblfes,  were  fired  at  the  prime  Con- 
ductor of  this  machine. 


A Angle 
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A Angle  /park  from  the  Conciliator  melt- 
ed a confiderable  length  of  gold-leaf. 

A Leyden  phial,  containing  about  one 
fquare  foot  of  coated  furface,was  fully  charg- 
ed by  about  half  a turn  of  the  winch,  fo  as 
to  difcharge  itfelf ; and  by  repeated  trials 
it  was  found,  that  in  one  minute's  time  this 
phial  difcharged  itfelf  76,  78,  and  often  80 
times. 

By  many  repeated  experiments,  accurate- 
ly made  by  Mr.  Van  Marum,  and  other 
ingenious  perfons,  with  this  machine,  it 
was  found,  that  electrization,  whether  pofi- 
tive  or  negative,  did  neither  fenfibly  aug- 
ment nor  diminifh  the  natural  number  of 
pulfations  in  a man 


* In  mv  Eflay  on  Medical  Electricity  it  is  mentioned, 
that  from  the  experience  of  many  it  appeared,  that 
Electrization  increafes  the  number  of  pulfations  about 
one-fixth ; but  having  made  feveral  experiments  upon 
myfelf,  1 added  the  following  obfcrvation  in  the  fecond 
edition  of  the  faid  Efiay,  which  was  publifhed  in  the 
year  1781,  and  confequently  long  before  Mr.  Van 
Marum’s  experiments.  “ I do  not  remember  that 
“ my  pulfe  was  ever  evidently  accelerated  by  eJcari- 

V 3 M 7ations 
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They  wfftied  to  try  the  effecft  of  taking 
the  elediric  fparks  in  different  forts  of  elaftic 
fluids,  and  for  this  purpofe,  they  ufed  a cy- 
lindrical glafs  receiver,  five  inches  long,  and 
an  inch  and  a quarter  in  diameter,  into 
which  different  forts  of  elaftic  fluids  were 
fuccefiively  inlerted,  and  were  confined  by 
quickfilver  or  water.  To  a hole  made  in 
the  bottom  of  the  inverted  glafs  receiver  an 
iron  wire  was  faftened,  the  external  part  of 
which  communicated  with  a Conductor, 
which,  being  prefented  to  the  prime  Con- 
ductor of  the  machine,  received  the  fparks 
from  it.  In  this  difpofition  of  the  appa- 
ratus it  evidently  appears,  that  the  fparks 
paffed  through  the  elaftic  fluid  contained  in 
the  receiver,  by  going  from  the  inner  extre- 

« zation,  and  yet  I have  repeated  the  experiment  va- 
a nous  times,  and  with  great  diverfity  of  circumftan^ 
<c  ces.33  P.  15.— Upon  the  whole  therefore  it  leems  to 
be  afcertained,  that  electrization  does  not  accelerate  nor 
retard  the  ordinary  number  of  pulfations,  and  that  the 
augmentation  generally  obferved  before  niu{t  have 
been  owing  to  fear  or  appreheniion.  But  t am  inform- 
ed by  Mr.  Partington,  who  has  long  pra&ifed  me- 
dical Electricity,  that  electrization,  if  not  in  a found,  at 
leaft  in  an  unfound  Itate  of  the  body,  augments  the 
number  of  pulfations  confidcrably. 
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mlty  of  the  wire  to  the  quickfilver  or  water 
in  which  the  receiver  was  inverted.  With 
this  apparatus  it  was  found,  that  dephlogif- 
ticated  air,  obtained,  from  mercurial  red  pre- 
cipitate, loft  W of  its  bulk,  but  its  quality 
was  not  fenflbly  altered,  as  it  appeared  from 
examining  it  with  the  eudiometer.  This 
experiment  being  repeated  when  the  receiver 
was  inverted  in  lime-water,  and  likewife  in 
the  infufion  of  turnfole,  there  enfued  no 
precipitation,  no  change  of  colour,  nor  any 
phlogiftication  of  the  air.  On  pouring  out 
this  air,  the  ufual  fmell  of  the  eledtric  fluid 
was  perceived  very  fenfibly. 

Nitrous  air  was  diminifhed  of  more  than 
the  half  of  its  original  bulk,  and  in  that  di- 
ininifhed  ftate,  being  mixed  with  common 
air,  it  occafioned  no  red  colour,  nor  any  fen- 
Able  diminution.  It  had  loft  its  ufual  fmell, 
and  it  extinguished  a candle.  In  pafiing  the 
fparks  through  the  nitrous  air,  a powder  is 
formed  on  the  furface  of  the  quickfilver, 
which  is  a part  of  that  metallic  fubftance 
diflblved  by  the  nitrous  acid. 

Inflammable  air,  obtained  from  iron  and 

4 diluted 
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diluted  vitriolic  acid,  communicated  a little 
rednefs  to  the  tindture  of  turnfole.  The 
ftream  of  eledlric  fluid  through  this  air  ap- 
peared more  red,  and  much  larger,  than  in 
common  air,  being  every  where  furrounded 
by  a faint  blue  light. 

The  inflammable  air,  obtained  from  fpirit 
of  wine  and  vitriolic  acid,  was  increafed  to 
about  three  times  its  original  bulk,  and  loft 
a little  of  its  inflammability. 

Fixed  air,  from  chalk  and  vitriolic  acid, 
was  a little  increafed  in  bulk  by  the  adtion 
of  Eledtricity ; but  it  was  rendered  lefs  ab- 
forbible  by  water. 

Vitriolic  acid  air,  obtained  from  vitriolic: 
acid  and  charcoal,  was  diminifhed  a little, 
and  black  fpots  were  formed  on  the  infide 
of  the  glafs  receiver.  Afterwards  it  was  ob-  s 

ferved,  that  only  one- eighth  part  of  the  elec- 

* 

trifled  elaftic  fluid  was  abforbed  by  water. 

It  extinguifhed  a candle,  and  had  very  little 
fmell. 

a 

Marine  acid  air  feemed  to  oppofe  in  great 

meafure 
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meafure  the  paflage  of  the  eleftric  fluid  j 
fince  the  fparks  would  not  pafs  through  a 
o-reater  length  than  2?  inches  of  this  air.  It 
was  confiderably  diminifhed,  but  the  reft 
was  readily  abforbed  by  water. 

Spathous  air  was  neither  diminifhed*  nor 
any  other  way  fenfibly  altered*  by  the  elec- 
tric fparks. 

Alkaline  air,  extracted  from  fpirit  of  fal 
ammoniac,  was  at  firlt  almoft  doubled  in 
bulk  ; then  it  was  diminifhed  a little ; after 
which  it  remained  without  any  augmenta- 
tion or  diminution.  It  became  unabforbi- 
ble  by  water,  and  by  the  contadt  of  flame  it 
exploded,  like  a mixture  of  inflammable  air 
and  a good  deal  of  common  air. 

Common  air  was  laftly  tried,  and  it  was 
found  to  give  a little  faint  rednefs  to  the 
tindture  of  turn  foie  j becoming  at  the  fame 
time  fenflbly  phlogifticated.  The  experi- 
ment was  repeated  thrice  at  different  times* 
and  each  time  after  the  electrization  it 
was  examined  by  the  admixture  of  nitrous 
air  in  Mr.  Pont  ana's  eudiometer,  and  it 
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was  compared  with  the  fame  air  not  elec- 
trified; the  latter  always  fufFering  the 
greateft  diminution.  In  the  firft:  experi- 
ment the  diminutions  were  444  and  IZJ. : in 
the  fecond,  4.44  and ; and  in  the  I aft,  444 
and  ^7oi* 

The  experiments  laftly  defcrihed  by  Mr, 
Van  Marum,  were  made  with  a large 
battery,  which  was  charged  by  the  above- 
mentioned  machine.  The  battery  confifted 
of  135  coated  phials,  all  together  contain- 
ing about  130  fquare  feet  of  coated  furface  ; 
and  it  was  generally  charged  to  the  full,  by 
about  100  turns  of  the  glafs  plates  of  the 
machine.  This  battery  appears  to  have  had 
2 much  greater  power  than  what  was  ever 
obtained  before  by  any  inftrument  of  the 
kind.  With  it  they  melted  an  iron  wire, 
I 5 feet;  long,  and  Ttt  of  an  inch  in  diame- 
ter; and  another  time  they  melted  an  iron 
wire,  25  feet  long,  and  -ri-c-  of  an  inch  in 
diameter. 

' b *•  - .v  -V*  *■ 

With  this  extraordinary  power  of  accu- 
mulated Electricity,  they  tried  to  give  mag- 
netifin  to  needles  made  out  of  watch- fprings, 

which 
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which  were  three  and  even  fix  Inches  in 
length;  and  alfo  to  Heel  bars  of  nine  inches 
in  length,  from  a quarter  to  half  an  inch 
broad,  and  about  a tweith  of  an  inch  thick. 
Here  follows  the  refult  of  tliofe  experi- 
ments. 

When  the  bar  or  needle  was  placed  ho- 
rizontally in  the  magnetic  meridian,  which- 
ever way  the  (hock  entered,  the  end  of  the 
bar  that  Hood  towards  the  north  acquired  the 
north  polarity,  or  the  power  of  turning  to- 
wards the  north  when  freely  fufpended,  and 
the  oppofite  end  acquired  the  fouth.  . If  the 
bar,  before  it  received  the  fliock,  had  fome 
polarity,  and  was  placed  with  its  poles  con- 
trary to  the  ufual  direction,  then  its  natural 
polarity  was  always  diminifhed,  and  often 
reverfed,  fo  that  the  extremity  of  it,  which  in 
receiving  the  (hock  looked  towards  the 
north,  became  the  north  pole,  &c. 

When  the  bar  or  needle  was  ftruC'k  Hand- 
ing perpendicularly,  its  lowefit  end  became 
the  north  pole  in  any  cafe,  even  when  the  bar 
had  fome  magnetifin  before,  and  was  placed 

with 
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with  the  fouth  pole  downwards.  All  other 
eircumftances  being  alike,  the  bars  Teemed 
to  acquire  an  equal  degree  of  magnetic 
power,  whether  they  were  ftruck  whilft 
Handing  horizontally  in  the  magnetic  meri- 
dian, or  perpendicular  to  the  horizon. 

When  a bar  or  needle  was  placed  in  the 
magnetic  equator,  whichever  way  the  fhock 
entered  never  gave  it  any  magnetifm;  but 
if  the  fhock  was  given  through  its  width, 
then  the  needle  acquired  a coniiderable  de- 
gree of  magnetifm,  and  the  end  of  it  which 
laid  towards  the  weft  became  the  north  pole, 
and  the  other  end  the  fouth  pole. 

If  a needle  or  bar,  already  magnetic,  or  a 
real  magnet,  was  ftruck  in  any  direction,  its 
power  was  always'diminifhed.  For  this  ex- 
periment, they  tried  confiderably  large  bars; 
one  being  7,08  inches  long,  0,26  broad, 
. and  0,05  thick. 

/ 

When  the  (hock  was  fo  ftrong,  in  pro- 
portion to  the  11  ze  of  the  needle,  as  to  ren- 
der it  hot,  then  the  needle  generally  acquired 
no  magnetifm  at  all,  or  very  little. 
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The  experiments  laflly  tried  with  this 
very  powerful  battery,  were  concerning  the 
calcination  of  metallic  fubftances,  and  the 
revivification  of  their  calces.  It  appears 
that  the  electric  fhock  produced  both  thefe 
apparently  contradictory  effects. 

The  metallic  calces  ufed  in  thofe  expe- 
riments were  of  the  pureft  fort ; they  were 
confined  between  glalfes,  whilft  the  fhock 
was  paffed  over  them.  By  this  means  the 
calces  were  fo  far  revivified  as  to  exhibit 
feveral  grains  of  the  metal,  large  enough  to 
be  difcerned  by  the  naked  eye,  and  to  be 
eafily  feparated  from  the  reft. 

As  to  the  calcination  of  metals,  whenever 
z fhock  was  employed  much  greater  than 
that  which  was  neceffary  to  fufe  the  metal* 
part  of  the  metal  was  calcined,  and  di (perfect 
into  fmoke.  It  is  remarkable,  that  this  cal- 
cination or  fmoke  generally  produced  feveral 
filaments,  of  various  lengths  and  thickneffes, 
which  fwaro  in  the  air.  It  was  farther  ob~ 
ferved,  that  thofe  flying  filaments  of  metallic 
calx,  if  a Conductor  was  prefented  to  them, 
were  foon  attracted  by  it ; but  after  the 

firft 
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firft  contact  they  were  inftantly  repelled, 
and  generally  broke  into  diverfe  parts. 

Thus  far  of  this  extraordinary  machine, 
to  which  I (hall  only  add  a with,  that  ma- 
chines ftill  larger  may  be  attempted  by  the 
opulent  and  the  ingenious  ; for  fince  this 
powerful  machine  has  fhewn  feveral  parti- 
culars both  vnqw  and  interefting,  it  is  very 
probable  that  larger  machines,  and  farther 
experiments,  will  difcover  more  of  the  hid- 
den fee  rets  of  nature. 
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N-  VII. 

OF  THE  ELECTRIC  PROPERTIES  OF  THE 
TORPEDO,  GYM  NOT  HS  ELECTRICUS, 
AND  SILURUS  ELECTRICUS. 

I * 

***  , . ' . ''  / \ . ' 

r^isr^  H E eledtric  power,  by  the  ancients 
JL  observed  only  in  amber,  and  perhaps 
in  the  tourmalin,  was  in  ^procefs  of  time 
found  to  be  produced  by  glafs,  fulphur,  re- 
fins,  filk,  and  diverfe  other  bodies.  It  has  ’ 
been  within  thefe  fifty  years  that  its  great 
influence  has  been  difcovered  in  the  atmo- 
fphere ; and  not  yet  thirty  years  fince  that 
power  has  been  obferved  even  in  the  ani- 
mal kingdom.  Three  fi flies  have  hitherto 
been  difcovered  to  have  the  Angular  property 
of  giving  (hocks  analogous  to  thofe  of  artifi- 
cial Eledtricity,  namely,  the  torpedo , the 
gymnotus  eledtricus , and  the  Jilurus  eleclri - 

cus . 

• , \ 

#■'' ' tBWP  \ / 

s 

The  ancients  indeed  were  acquainted 
with  this  wonderful  property  of  the  firft,  and 

probably 
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probably  of  the  laft  of  thofe  animals,  and  it 
was  from  the  property  of  giving  that  fhock, 
benumbing  fenfation,  or  torpor,  that  they 
called  the  firft  torpedo ; but  they  were  ut- 
terly ignorant  of  the  caufe  of  it.  Two  dif- 
tinguiihed  writers  of  the  laft  century,  endea- 
voured to  explain  this  property  upon  mecha- 
nical laws,  but  their  ingenuity  was  infuffi- 
cient  to  account  for  the  phenomenon. 

/ * ,»  ▼ - s,  f * , 

‘ i V * 

The  principal  difcoveries,  relating  to  the 
Identity  of  the  above-mentioned  property 
of  thofe  fillies  and  the  eledtric  fhock,  were 
made  by  John  Walsh,  Efq.  F.  R.  S.  to 
whole  ingenuity  we  are  indebted  for  the 
demonftration  of  the  power  of  the  torpedo 
agreeing  with  the  eledtric  Ihock  in  all  the 
points  of  comparifon  in  which  it  could  be 
examined ; and  alfo  for  almoft  all  the  other 
difcoveries  which  were  fince  made  relating 
to  thofe  animals. 

The  three  animals  which,  whilft  alive,  arc 
polfefied  of  an  eledtric  power,  are  belonging 
to  three  different  orders  of  fifh;  and  the  few 
particulars,  which  they  feem  fj  have  in 
common,  are  the  power  of  givirn  the  fhock; 
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in  org-an  in  their  body,  now  called  the  elcEtric 
'organ,  which  is  employed  by  the  animals  for 
the  exertion  of  that  power;  a fmooth  fkin 
without  fcales ; and  fome  fpots  here  and 
there  on  the  furface  of  their  bodies. 

The  torpedo,  which  belongs  to  the  order 
bf  rays,  is  a flat  fifh,  very  feldom  twenty 
inches  in  length,  weighing  not  above  a few 
pounds  when  full  grown,  and  pretty  com- 
mon in  various  parts  of  the  fe a- coa ft  of  Eu- 
rope. The  eleftric  organs  of  this  animal 
are  two  in  number,  and  placed  one  on  each 
fide  of  the  cranium  and  gills,  reaching  from 
thence  to  the  femicircular  cartilages  of  each 
great  fin,  and  extending  longitudinally  from 
the  anterior  extremity  of  the  animal  to  the 
tranfverfe  cartilage  which  divides  the  thorax 
from  the  abdomen.  In  thole  places  they 
nil  up  the  whole  thicknefs  of  the  animal 
from  the  lower  to  the  upper  furface,  and  are 
covered  by  the  common  fkin  of  the  body; 
under  which,  however,  are  two  thin  mem- 
branes or  fajeice . The  length  of  each  organ 
is  fomewhat  lefs  than  one-third  part  of  the 
length  of  the  whole  animal.  Each  organ 
confifts  of  perpendicular  Columns;  reaching 
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from  the  under  to  the  upper  furface  of  the 
body,  and  varying  in  length  according  to  the 
various  thicknefs  of  the  fi(h  in  various  part's. 
The  number  of  thofe  columns  is  not  con- 
ftant,  being  not  only  different  in  different 
torpedos,  but  likewife  in  different  ages  of 
the  animal,  new  ones  feeming  to  be  pro- 
duced as  the  animal  grows.  In  a very  large 
torpedo  one  ele&ric  organ  was  found  to 
confift  of  1182  columns.  The  greateft 
number  of  thofe  columns  are  either  irregular 
hexagons,  or  irregular  pentagons,  but  their 
figure  is  far  from  being  conftant.  Their  di- 
ameters are  generally  one-fifth  part  of  an 
inch.  “ Their  coats  are  very  thin,  and  feem 
tranfparent,  clofely  conne&ed  with  each 
other,  having  a kind  of  loofe  net-work  of 
tendinous  fibres  paffing  tranfverfely  and  ob- 
liquely between  the  columns,  and  uniting 
them  more  firmly  together:  thefeare  moft- 
ly  obfervable  where  the  large  trunks  of  the 
nerves  pafs.  The  columns  are  alfo  attached 
by  ftrong  inelaftic  fibres,  paffing  direflly 
from  the  one  to  the  other.” 

• - # 

“ Each  column  is  divided  by  horizontal 
partitions,  placed  over  each  other  at  very 
5 . linall 
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fmall  diftances,  and  forming  numerous  in- 
terftices,  which  appear  to  contain  a fluid. 
Thefe  partitions  confift  of  a very  thin  mem- 
brane, confiderably  tranfparent.  Their 
edges  appear  to  be  attached  to  one  another, 
and  the  whole  is  attached  by  a fine  cellular 
membrane  to  the  infide  of  the  columns. 
They  are  not  totally  detached  from  one  ano- 
ther : I have  found  them  adhering  at  dif- 
ferent places,  by  blood-veflels  pafiing  from 
one  to  another.” 

“ The  number  of  partitions  contained 
in  a column  of  one  inch  in  length,  of  a tor- 
pedo which  had  been  prefer ved  in  proof  fpi- 
lit,  appeared,  upon  a careful  examination,  to 
be  one  hundred  and  fifty  : and  this  number, 
in  a given  length  of  column,  appears  to  be 
common  to  all  fizes  in  the  fame  ftate  of  hu- 
midity, for  by  drying  they  may  be  greatly 
altered ; whence  it  appears  probable  that  the 
increafe  in  the  length  of  the  column,  dur- 
ing the  growth  of  the  animal,  does  not  en- 
large the  diftance  between  each  partition  in 
proportion  to  that  growth ; but  that  new 
partitions  are  formed,  and  added  to  the  ex- 
tremity of  the  column  from  the  fafeia ” 
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“ The  partitions  are  very  vafcular  • th^ 
arteries  are  branches  from  the  veins  of  the 
gills,  which  convey  the  blood  that  has  re- 
ceived the  influence  of  refpiration.  They 
pafs  along  with  the  nerves  to  the  eledtric 
Organ,  and  enter  with  them  ; then  they  ra- 
mify in  every  direction,  into  innumerable 
fmail  branches  upon  the  fides  of  the  co- 
lumns, fending  in  from  the  circumference 
all  around,  upon  each  partition,  fmail  arte- 
ries, which  ramify  and  anaftomofe  upon  it  • 
and  paliing  alio  from  one  partition  to  ano- 
ther, anaftomofe  with  the  veffels  of  the  ad- 
jacent partitions.” 

“ The  veins  qf  the  eledtfic  organ  pafs  out 
elofe  to  the  nerves,  and  run  between  the 
gills,  to  the  auricle  of  the  heart.” 

ic  The  nerves  inferted  into  each  eledlrie 
organ  arife  by  three  very  large  trunks  from 
the  lateral  and  pofterior  part  of  the  brain.’ 
The  firft  of  thefe,  in  its  pafiage  outwards,- 
turns  round  a cartilage  of  the  cranium , and 
fends  a few  branches  to  the  firft  gill,  and  to* 
the  anterior  part  of  the  head,  and  then  pafies 
into  the  organ  towards  its  anterior  extre- 
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mity.  The  fecond  trunk  enters  the  gills 
between  the  firft  and  fecond  opening,  and, 
after  furnifhing  it  with  fmall  branches,  paf- 
ies  into  the  organ  near  its  middle.  The 
third  trunk,  after  leaving  the  fkull,  divides 
itfelf  into  two  branches,  which  pafs  to  the 
eleCtric  organ  through  the  gills ; one  be- 
tween the  fecond  and  third  openings,  the 
other  between  the  third  and  fourth,  giving 
fmall  branches  to  the  gill  itfelf.  The  nerves 
having  entered  the  organs,  ramify  in  every 
direction,  between  the  columns,  and  fend 
in  fmall  branches  upon  each  partition,  where 
they  are  loft,” 

The  magnitude  and  the  number  of  the 
nerves  beftowed  on  thefe  organs,  in  propor- 
tion to  their  fize,  muft  on  reflection  appear 
as  extraordinary  as  the  phenomena  they  af- 
ford. Nerves  are  given  to  parts  either  for 
fenfation  or  for  aCtion.  Now  if  we  except 
the  more  important  fenfes  of  feeing,  hearing, 
fmelling,  and  tailing,  which  do  not  belong 
to  the  eleCtric  organs,  there  is  no  part,  even 
of  the  moil  perfeCt  animal,  which,  in  pro- 
portion to  its  fize,  is  fo  liberally  fupplied 
v/itii  nerves  5 nor  do  the  nerves  ieem  necef- 
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fary  for  any  fenfation  which  can  he  fuppofed 
to  belong  to  the  eledtric  organs:  and,  with 
refpedt  to  adtion,  there  is  no  part  of  any  ani- 
mal, with  which  I am  acquainted,  however 
Strong  and  constant  its  natural  adtions  may 
be,  which  has  fo  great  a proportion  of 
nerves 

Thus  far  with  the  anatomical  defcription 
of  the  animal ; we  Shall  now  proceed  to  de- 
scribe its  wonderful  eledtric  properties. 

* ' *'  '■  * * *'  ;*  * V I J 

The  above-mentioned  eledtric  organs 
feem  to  be  the  only  parts  employed  to  pro- 
duce the  Shock ; the  reft  of  the  animal  ap- 
pearing to  be  only  the  Condudtor  of  that 
Shock, as  parts  adjacent  to  the  eledtric  organs; 
and,  in  fadt,  by  artificial  Eledtricity,  it  has 
been  found  that  the  animal  is  a Condudtor 
of  the  eledtric  fluid.  The  two  great  lateral 
fins  which  bound  the  eledtric  organs  late- 
rally, are  the  beft  Condudtors. 

If  the  torpedo,  whilst  Standing  in  water 
or  out  of  the  water,  but  not  infulated,  be 

* Mr.  Hunter’s  anatomical  obfervations  on  the 
torpedo.  Phil.  Tranf,  vol.  LXIII, 
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touched  with  one  hand,  it  generally  com- 
municates a trembling  motion  or  flight 
fhock  to  the  hand,  but  this  fenfation  is  only 
felt  in  the  fingers  of  that  hand.  If  the  tor- 
pedo be  touched  with  both  hands  at  the 
fame  time,  one  hand  being  applied  to  its 
under,  and  the  other  to  its  upper  furface  a 
fhock  in  that  cafe  will  be  received,  which  is 
exactly  like  that  occafioned  by  the  Leyden 
phial.  When  the  hands  touch  the  fifh  on 
the  oppofite  furfaces,  and  juft  over  the  elec- 
tric organs,  then  the  fhock  is  the  ftrongeft  ; 
but  if  the  hands  be  placed  in  other  parts  of 
the  oppofite  furfaces,  the  (hocks  are  fome- 
what  weaker,  and  no  fhock  at  all  is  felt 
when  the  hands  are  both  placed  upon  the 
eledtric  organs  of  the  fame  furface;  which 
fhews  that  the  upper  and  lower  furfaces  of 
the  eledtric  organs  are  in  oppofite  ftates  of 
Eledlricity,  anfwering  to  the  plus  and  minus 
fides  of  a Leyden  phial.  When  the  fifh  is 
touched  by  both  hands  on  the  fame  furface, 
and  the  hands  are  not  placed  exadtly  on  the 
eledtric  organs,  a fhock  though  weak  is  ftill 
received,  but  in  that  cafe  the  oppofite  power 
of  the  other  furface  of  the  animal  feems  to 
be  conducted  over  the  flcin. 
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The  fliock  given  by  the  torpedo  when 
in  air  is  about  four  times  as  ftrong  as  when 
in  water ; and  when  the  animal  is  touched 
on  both  furfaces  by  the  fame  hand,  the 
thumb  being  applied  to  one  furface,  and  the 
middle  finger  to  the  oppofite  furface,  the 
fliock  is  felt  much  ftronger  than  when  the 
circuit  is  formed  by  both  hands.  Some- 
times the  torpedo  gives  the  fhocks  fo  quick- 
ly one  after  the  other,  that  fcarcely  two  fe- 
conds  elapfe  between  them;  and  when,  in- 
ftead  of  a ftrong  determined  ftroke,  it  com- 
municates only  a torpor,  tnat  fenfation  is 
iuftiy  attributed  to  the  fucceffive  and  quick 
difeharge  of  many  confecutive  fmall  fhocks. 
It  is  very  Angular,  that  the  torpedo,  even 
when  infulated,  fhould  be  capable  of  giving 
a great  many  fhocks  to  perfons  likewife  in- 
fulated. 

This  power  of  the  torpedo  is  conducted 
by  the  lame  fubftances  which  conduct 
Electricity,  and  is  interrupted  by  the  fame 
fubftances  which  are  not  Conductors  of 
EleCtncity  i hence  if  the  animal,  inftead  of 
being  touched  immediately  with  the  hands, 

be  touched  by  non-eleCtrics,  as  wires,  two 
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wet  cords,  or  other  Conduders  of  Elec- 
tricity, held  in  the  hands  of  the  experi- 
menter, the  (hock  will  alfo  be  communicat- 
ed through  them.  The  circuit  may  alfo  be 
formed  by  feveral  perfons  joining  hands,  and 
the  {hock  will  be  felt  by  them  all  at  the 
fame  time.  When  the  animal  is  in  water, 
if  the  hands  are  put  in  the  water,  a fhock 
will  alfo  be  felt,  which  will  be  ftronger  if 
one  of  the  hands  be  brought  quite  into  con- 
tad  with  the  fiih,  whilft  the  other  hand  is 
kept  in  the  water  at  a diftance  from  it.  In 
fhort,  the  fhock  of  this  animal  is  concluded 
by  the  fame  Conductors  which  condud 
that  of  a Leyden  phial.  This  fhock  of  the 
torpedo  may  be  alfo  ,eonduded  by  feveral 
circuits  at  once,  and  the  circuit  may  be  con- 
fiderably  extended ; but  the  fhock  is  always 
weakened  by  lengthening  or  multiplying  the 
circuit. 

/ * 1 • » 1 

The  fhock  of  the  torpedo  cannot  pafs 
through  the  leaft  interruption  of  continuity 
in  the  Condudors  which  form  the  circuit; 
fo  that  it  will  not  be  conduded  by  a chain, 
nor  will  it  pafs  through  the  air  from  one 
Condudor  to  the  other,  when  the  diftance 

between 
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between  them  is  even  lefs  than  the  two  hun- 
dredth part  of  an  inch ; confequently  no  fpark 
has  ever  been  obferved  to.accoinpany  it. 

No  eledtric  attradtion  or  repulfion  could 
be  ever  obferved  to  be  produced  by  the  tor- 
pedo, nor,  indeed,  by  any  of  the  eledtric 
fillies ; though  feveral  experiments  bave 
been  purpofely  made  with  them. 

Thefe  fhocks  of  the  torpedo  feem  to  de- 
pend on  the  will  of  the  animal;  for  each  ef- 
fort is  accompanied  with  a depreffion  of  his 
eyes,  by  which  even  his  attempts  to  give  it 
to  non-condudtors  may  be  obferved.  It  is 
not  known  whether  both  eledtric  organs 
muft  always  adt  together,  or  only  one  of 
them  may  be  occafionally  put  in  adtion  by 
the  will  of  the  animal. 

All  thefe  effedls  of  the  torpedo  may  be 
imitated  by  means  of  a large  eledtric  bat- 
tery weakly  charged,  and  furnifhed  with 
Mr.  Lane's  eledtrometer,  the  balls  of 
which  muft  be  put  exceedingly  near,  or 
almoft  in  contadl  with  each  other.  But  the 
properties  of  the  gymnotus  eledtricus,  which 
we  are  going  to  defcribe  next,  will  throw 


more 
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more  light  on  thofe  of  the  torpedo,  and  will 
Ihew  much  more  evidently  their  analogy 
with  the  power  of  the  electric  fluid  difperfed 
through  a vail  furface  ©f  coated  eledtric  fub- 
llance.  “ But,”  fays  Mr.  Walsh,  “after 
“ the  difcovery  that  a large  area  of  rare 
**  Eledlricity  would  imitate  the  effedt  of  the 
“ torpedo,  it  may  be  inquired,  where  is 
“ this  large  area  to  be  found  in  the  animal? 
“ we  here  approach  to  that  veil  of  nature, 
“ which  man  cannot  remove.  This,  how- 
**  ever,  we  know,  that  from  infinite'  divifion 
**  of  parts  infinite  furface  may  arife,  and 
“ even  our  grofs  optics  tell  us,  that  thofe 
<r  Angular  organs,  fo  often  xnentioned,  con- 
“ fill,  like  our  eledtric  batteries,  of  many 
“ veflels,  call  them  cylinders  or  hexagonal 
“ prifins,  whofe  fuperficies  taken  together 

furnilh  a confiderable  area 

The  gymnotus  eledtricus  has  been  fre- 
quently called  eleSirical  eel,  on  account  of  its 
fuperficial  refemblance  to  the  corhmon  eel; 
though,  when  accurately  examined,  it  is 
found  to  have  none  of  the  fpecific  properties 
of  that  animal.  The  gymnotus  is  found 

* Phil.  Tranf.  vol.  LXIII.  p.  476, 
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pretty  frequently  in  the  great  rivers  of  South 
America.  Its  ufual  length  is  about  three 
feet ; but  it  has  been  faid  that  fome  of  them 
have  been  feen  fo  large,  as  to  be  able  to  ftrike 
a man  dead  with  the  fliock  of  their  eledtric 
organs.  A few  of  thefe  animals  were 
brought  to  England  about  eighteen  years 
ago,  which,  as  far  as  I know,  were  the  firft 
of  the  kind  brought  to  Europe.  They  had 
been  catched  in  Surinam  river,  a great  way 
above  where  the  falt-water  reaches.  It  was 
with  thofe  identical  fiflies  that  Mr.  Walsh 
made  many  difeoveries  relating  to  their  elec- 
trical properties,  and  the  experiments  which 
fhew  thofe  properties  were  publicly  exhi- 
bited in  London,  during  feveral  months. 

The  fubjedt  of  Animal  Electricity  was 
considerably  advanced  by  the  difeovery  of  the 
fpark,  with  which  the  .(liock  of  the  gym  no- 
tus  was  attended $ for,  notwithstanding  the 
previous  difeoveries  relation  to  the  torpedo. 

a.  O'  \ “ 

and  the  adtual  poffibility  of  imitating  the 
effedts  of  that  animal’s  extraordinary  power 
by  means  of  a large  batteyy  weakly  charged 

.V  "■  f » 

with  artificial  Eledtricity,  yet  the  ferupu- 
lous  philofophers  ftillfufpedted  that  the  pow- 
er of  the  torpedo  might  be  fome  thing  differ- 
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ent  from  Electricity,  fince  the  two  princi- 
pal charaCteriftics  of  Electricity,  namely,  the 
fpark  and  the  attraction,  had  never  been  dis- 
covered in  the  torpedo;  and  at  the  fame  time 
it  was  difficult  to  conceive  the  manner  in 
which  the  eleCtic  fluid  might  be  generated, 
accumulated,  and  difcharged  in  an  animal, 
which,  at  leaft  in  its  ufaal  ftate  of  exifience, 
is  a Conductor  of  EleCtricity,  and  is  fur- 
rounded  by  a fluid  which  is  likewife  a Con- 
ductor of  that  power.  This  indeed  ftill  re- 
mains a profound  fecret ; and  it  is  difficult 
to  fay,  whether  any  future  experiments  will 
ever  difclofe  it.  But  the  fpark  having  been 
difcovered  with  the  gymnotus,  the  analogy 
between  its  power  and  EleCtricity  is  ren- 
dered coniiderably  more  evident,  and  it 
would  be  fcepticifm  to  doubt  of  the  pro- 
' perty  of  the  torpedo  being  derived  from  the 
fame  caufe  as  that  of  the  gymnotus. 


In  order  to  proceed  regularly,  I fhall  now 
begin  with  the  defcription  of  the  animal,  and 
fhall  then  enumerate  its  eleCtric  properties, 
in  a very  concife  manner. 

A gymnotus  of  three  feet  length,  is  gene- 

• rally 
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rally  between  ten  and  fourteen  inches  in 
circumference,  about  the  thickeft  part  of  its 
body.  The  electric  power  of  this  animal 
being  much  greater  than  that  of  the  torpedo, 
its  eledric  organs  are  accordingly  a great 
deal  larger,  and  indeed  that  part  of  its  body 
which  contains  moft  of  the  animal  parts,  or 
the  parts  common  to  the  fame  order  of 
fillies,  is  confiderably  fmaller  than  that 
which  is  fubfervient  to  the  eledric  power; 
though  the  latter  rauft  naturally  derive 
nourifhment  and  ad  ion  from  the  former. 

The  head  of  the  animal  is  large,  broad, 
fiat,  fmooth,  and  imprefled  with  various 
fmall  holes.  The  mouth  is  rather  large, 
but  the  jaws  have  no  teeth,  fo  that  the  ani- 
mal lives  by  fudion,  or  by  fwallowing  the 
food  entire.  The  eyes  are  fmall,  flattifh, 
and  of  a bluifii  colour,  placed  a little  way 
behind  the  noftrils.  The  body  , is  large, 
thick,  and  roundilh  for  a coniiderable  dis- 
tance from  the  head,  and  then  diminifhes 
gradually.  The  whole  body,  from  a few 
fnches  below  the  head,  is  diftinguifhed  into 
four  longitudinal  parts,  clearly  divided  from 
each  other  by  lines.  The  carina  begins  a 
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lew  inches  below  the  head,  unci  widening  as 
it  proceeds,  reaches  as  far  as  the  tail,  where 
it  is  thinneft.  It  has  two  pedoral  fins,  and 
the  anus  is  fituated  on  the  under  part,  more 
forward  than  thofe  fins,  and  or  courle  not 
far  diftant  from  the  rojirum . 

This  animal  has  two  pairs  of  eledtric  or- 
gans, one  pair  being  larger  than  the  other, 
and  occupying  moil  of  the  longitudinal  parts 
of  the  body.  They  are  divided  from  each 
other  by  peculiar  membranes.  “ The 
ftrudture  of  thefe  organs  is  extremely  fimple 
and  regular,  confining  of  two  parts,  viz. 
flat  partitions  or  fepta , and  crofs  divifions 
between  them.  The  outer  edges  of  thefe 
fepta  appear  externally  in  parallel  lines  near- 
ly in  the  direction  of  the  longitudinal  axis 
of  the  body.  Thefe  fepta  are  thin  mem- 
branes placed  nearly  parallel  to  one  another: 
their  lengths  are  nearly  in  the  diredtion  of 
the  long  axis,  and  their  breadth  is  nearly  the 
iemidiameter  of  the  body  of  the  animal. 
They  are  of  different  lengths,  fome  being  as 
long  as  the  whole  organ.  I flhall  deferibe 
them  as  beginning  principally  at  the  anterior 
end  of  the  organ,  although  a few  begin 

along 
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along  the  upper  edge;  and  the  whole,  palling 
towards  the  tail,  gradually  terminate  on  the 
lower  furface  of  the  organ,  the  lowermoft 
at  theif  origin  terminating  fooneft.  Their 
breadths  differ  indifferent  parts  of  the  organ. 


They  are  in  general  broadeft  near  the  ante- 
rior end,  anfwering  to  the  thickeft  part  of 
the  organ,  and  become  gradually  narrower 
towards  the  tail  ; however,  they  are  very 
narrow  at  their  beginnings  or  anterior  ends. 


Thofe  nearefl  to  the  mufcles  of  the  back  are 

7 - 

the  broadeft,  owing  to  their  curved  or  ob- 
lique fituations  upon  thefe  mufcles,  and 
grow  gradually  narrower  towards  the  lower 
parts;  which  is  in  a great  meafure  owing  to 
their  becoming  more  tranfverfe,  and  aifo  to 


the  organ  becoming  thinner  at  that  place. 
They  have  an  outer  and  an  inner  edge  : the 
outer  is  attached  to  the  fkin  of  the  animal, 
to  the  lateral  mufcles  of  the  fin,  and  to  the 
membrane  which  divides  the  great  organ 


from  the  fmall;  and  the  whole  of  their  inner 
edges  are  fixed  to  the  middle  partition,  to 
the  air  bladder;  and  three  or  four  terminate 
on  that  furface  which  inclofes  the  mufcles  of 
the  back.  Thefe  fepta  are  at  the  greateft 
diftance  from  one  another  at  their  exterior 


edges 


APPENDIX,  30; 

edges,  near  the  Akin,  to  which  they  are  unit- 
ed ; and  as  they  pafs  from  the  fkin  towards 
their  inner  attachments  they  approach  one 
another:  fometimes  we  find  two  uniting 
in  one.  On  that  fide  next  to  the  mufcles 
of  the  back  they  are  hollow  from  edge  to 
edge,  anfwering  to  the  fhape  of  thofe  muf- 
cles, but  become  lefs  and  lefs  fo  towards 
the  middle  of  the  organ  ; and  from  that  to- 
wards the  lower  part  of  the  organ  they  be- 
come curved  in  the  other  direction.  At 
the  anterior  part  of  the  large  organ,  where  it 
is  nearly  of  an  equal  breadth,  they  run  pret- 
ty parallel  to  one  another,  and  alfo  pretty 
ftraight;  but  where  the  organ  becomes  nar- 
rower, it  may  be  obferved  in  fome  places 
that  two  join  or  unite  into  one,  efpecially 
where  a nerve  palfes  acrofs.  The  termina- 
tion of  this  organ  at  the  tail  is  fo  very  finall, 
that  I could  not  determine  whether  it  con- 
filled  of  one  feptum  or  more.  The  diftances 
between  thefe  fepta  will  differ  in  fifhes  of 
different  lizes.  In  a fifh  of  two  feet  four 
inches  in  length  I found  them  -*T  of  an  inch 
diftant  from  one  another,  and  the  breadth  of 
the  whole  < rgan,  at  the  broadefl  part,  about: 
an  inch  and  a quarter,  in  which  fpace  were 
34  fepta*  The  fmall  organ  has  the  fame 
VpL.  II,  X kin4 
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kind  of  fepta,  in  length  palling  from  end 
to  end  of  the  organ,  and  in  breadth  palling 
quite  acrofs,  they  run  fomewhat  ferpentine, 
not  exadtly  in  ftraight  lines.  Their  outer 
edges  terminate  on  the  outer  furface  of  the 
organ,  which  is  in  contadf  with  the  inner 
furface  of  the  external  mufcle  of  the  fin,  and, 
their  inner  edges  are  in  contadl  with  the 
centre  mufcles.  They  differ  very  much  in 
breadth  from  one  another ; the  broadeft  be- 
ing  equal  to  one  fide  of  the  triangle,  and  the 
narrowed:  fcarcely  broader  than  the  point  or 
edge.  They  are  pretty  nearly  at  equal  dis- 
tances from  one  another;  but  much  nearer 
than  thofe  of  the  large  organ,  being  only 
about  TV  part  of  an  inch  afunder;  but  they 
are  at  a greater  diftance  from  one  another 
towards  the  tail,  in  proportion  to  the  increafe 
of  breadth  of  the  organ.  The  organ  is  about 
half  an  inch  in  breadth,  and  has  fourteen 
fepta : thefe  fepta , in  both  organs,  are 

very  tender  in  confidence,  being  eafily  torn  ; 
they  appear  to  anfwer  the  fame  purpofe 
with  the  columns  in  the  torpedo , making 
walls  or  butments  for  the  fubdivifions,  and 
are  to  be  confidercd  as  making  fo  many  dif- 
tindl  organs.  Thefe  fepta  are  interfered 

tranfverfely  by  very  thin  plates  of  mem- 
4 ' branes. 
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branes,  whofe  breadth  is  thediftance  between 

I 

any  two  fepta , and  therefore  of  different 
breadths  in  different  parts ; broadeft  at  that 
edge  which  is  next  to  the  fkin,  narrowed 
at  that  next  to  the  centre  of  the  body,  or  to 
the  middle  partition  which  divides  the  two 
organs  from  one  another.  Their  lengths 
are  equal  to  the  breadths  of  the  fepta  be- 
tween which  they  are  fituated : there  is  a 
regular  feries  of  them  continued  from  one 
end  of  any  two  fepta  to  the  other ; they 
appear  to  be  fo  clofe  as  even  to  touch.  In 
an  inch  in  length  there  are  about  240, 
which  multiplies  the  furface  in  the  whole 
to  a vafl:  extent 

The  nerves  which  go  to  the  eledtric  or- 
gans of  the  gymnotus,  as  well  as  of  the  tor- 
pedo, are  much  larger  than  thofe  wdiich 

..t 

fupply  any  other  part  of  the  body.  The 
eledtric  organs  of  the  gymnotus  are  fuppiied 
with  nerves  from  the  fpinal  marrow,  and 
they  come  out  in  pairs  between  the  vertebra 
of  the  fpine. 

* Mr.  Hunter’s  account  of  the  Gymnotus  Ele$ri- 
cus.  Phil.  Tranf.  Vol.  L^V. 

f 
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The  gymnotus  poflfeflfes  all  the  electric 
properties  of  the  torpedo,  but  in  a fuperior 
degree.  His  fhock  is  conducted  by  the 
Conductors  of  Electricity,  and  interrupted 
by  the  non-condudlors  of  the  electric  fluid. 
Hence  the  (Lock  is  communicated  through 
water,  without  the  immediate  contact  of  the 
animal,  or  through  any  other  proper  circuit; 
but  the  ftronger  fhock  is  received  by  touch- 
ing the  animal  when  out  of  the  water;  and 
the  beft  way  to  receive  ftrong  llrocks,  is  to 
apply  one  hand  towards  the  tail,  and  the 
other  towards  the  head  of  the  animal.  In 
this  manner  I have  often  received  fliocks, 
which  I felt  not  only  in  my  arms,  but 
even  very  forcibly  in  my  bread:.  If  the 
animal  be  touched  only  with  one  hand,  then 
a kind  of  tremor  is  felt  in  that  hand  only, 
which  though  ftronger,  is  quite  analogous 
to  the  fenfation  communicated  by  the  tor- 
pedo when  touched  in  the  like  manner. 
The  gymnotus’s  power  of  giving  fhocks  is 
*lfo  depending  on  the  will  of  the  animal,  fo 
that  fometimes  he  gives  very  ftrong  fliocks, 
and  at  other  times  very  weak  ones,  but  he 
gives  the  ftrongeflt  fliocks  when  provoked  by 
being  frequently  and  roughly  touched. 

When 
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When  fmall  fifhes  are  put  into  the  water 
wherein  the  gymnotus  is  kept,  they  are  ge- 
nerally ftunncd  or  killed  by  a fhock,  and 
then  they  are  fwallowed,  if  the  animal  is 
hungry.  The  fifhes  which  are  dunned  by 
the  gymnotus,  may  often  be  recovered  by 
being  fpeedily  removed  into  another  vefiel 
of  water. 

I t .V  |4 

The  llrongeli  fhocks  of  the  gymnotus 
will  pafs  a very  fhort  interruption  of  conti- 
nuity in  the  circuit.  Thus  they  will  be 
conducted  by  a chain,  efpecially  when  it  is 
not  very  long,  and  is  ftretched,  fb  as  to  brin^ 
its  links  into  better  contabl.  When  the 
interruption  is  formed  by  the  incilion  made 
by  a pen-knife  on  a flip  of  tin-foil  that  is 
palled  on  glafs,  and  that  flip  is  put  into  the 
circuit,  the  Ihock  in  palling  through  that 
interruption,  will  Ihew  a fmall  but  vivid 
fpark,  plainly  diliinguilhable  in  a dark 
room. 


Mr.  Walsh  made  another  remarkable 
dilcovery  with  the  gymnotus,  which  he 
Ihevved  at  his  houfe  to  various  ingenious  per- 
fons : it  was  a new  fort  of  fenfe  in  the  ani- 
mal, by  which  he  knew  when  the  bodies1 

which 
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which  came  near  him,  were  fuch  as  could 
receive  the  fhock  (viz.  Conductors)  and 
when  they  were  of  the  contrary  nature j in 
the  former  of  which  cafes  the  animal  gave 
the  fhock,  but  not  in  the  latter.  In  order 
to  fhew  this  wonderful  property,  divers  ex- 
periments were  made,  but  the  mofc  convinc- 
ingone  was  the  following: — the  extremities 
of  two  wires  were  dipped  into  the  water  of  the 
veffel  wherein  the  animal  was  kept,  then  they 
were  bent,  and  extended  a great  way,  and 
laftly  terminated  in  two  feparate  glalfes  full 
of  water.  Thefe  wires  being  fupported  by 
non-condudtors  at  a considerable  diflance 
from  each  other,  it  is  plain  that  the  circuit 
was  not  complete:  but  if  a perfon  put  the 
fingers  of  both  his  hands  into  the  glades 
wherein  the  wires  terminated,  viz.  thofe  of 
one  hand  into  one,  and  thofe  of  the  other 
hand  into  the’ other  glafs,  then  the  circuit 
became  complete.  Now  it  was  conftantly 
obferved,  that whilft  the  above- defcribed  cir- 
cuit remained  interrupted,  the  animal  never 
went  purpofeiy  near  the  extremities  of  the 
wires,  as  he  ufed  to  do  when  willing  to  give 
the  fhock : but  the  moment  that  the  cir- 
cuit was  completed,  either  by  a perfon  or  any 
other  Conductor,  the  animal  immediately 

went 
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went  towards  the  wires,  and  gave  the  fliock; 
though  the  completion  of  the  circuit  was 
performed  quite  out  of  his  fight. 

\ 

Several  other  particulars,  not  only  concur*- 
ring  to  prove  the  above-mentioned  property, 
but  otherwifeinterefting,  were  afcertained  by 
Mr.  Walsh  j but  for  thefe  we  muft  wait 
till  that  ingenious  gentleman  will  favour 
the  public  with  a particular  account  of  his 
refearches. 

The  third  fifh  which  is  known  to  have 
the  power  of  giving  the  fhock,  is  found  in 
the  rivers  of  Africa,  but  we  have  a very 
imperfedt  account  of  its  properties  ** 

This  animal  belongs  to  the  order  which 
the  naturalifts  call  Jilurus ; hence  it  is  com- 
monly  called  Jilurus  eleftricus . Some  of 
thofe  fifhes  have  been  feen  even  above  twen- 
ty inches  long. 

* McfFrs  Ad anson  and  Forskal  make  a ftiort 
mention  of  it;  and  Mr.  Broussonet  defcribes  it,  un- 
der J&e  French  name  of  le  Trembleur , in  the  Hift,  de 
F Academic  Royale  des  Sciences,  for  the  year  1782. 

The 
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The  body  of  the  filurus  elechricus  is  ob- 
long, finooth,  and  without  fcales;  being  ra- 
ther large,  and  flattened  towards  its  anterior 
part.  The  eyes  are  of  a middle  fize,  and  are 
covered  by  the  flcin,  which  envelopes  the 
whole  head.  Each  jaw  is  armed  with  a 
great  number  of  fmall  teeth.  About  the 
mouth  it  has  fix  filamentous  appendices,  viz, 
four  from  the  under  lip,  and  two  from  the 
upper;  the  two  external  ones,  or  farthermoft 
from  the  mouth  on  the  under  lip,  are  the 
longeft.  The  colour  of  the  body  is  grey  ill), 
and  towards  the  tail  it  has  feme  black ifh 

. V 

fpots. 

The  electric  organ  feems  to  be  towards 
the  tail,  where  the  fkin  is  thicker  than  on 
the  reft  of  the  body,  and  a whitifh  fibrous 
fubftance,  which  is  probably  the  eledtric  or- 
gan, has  been  diftinguiftied  under  it. 

\ 

It  is  faicl  that  the  filurus  eledtricus  has 
the  property  of  giving  a ftiock  or  benumb- 
ing fenfation  like  the  torpedo,  and  that  this 
fhock  is  communicated  through  fubftances 
that  are  condudtors  of  Eledlricity  j but  no 
other  particular  about  it  is  known  with  any 
coufiderable  degree  of  certainty. 

An 
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An  inquifitive  mind  will  immediately 
enquire,  for  what  purpofe  has  nature  fur- 
nifhed  thofe  animals  with  fo  fingular  a pro- 
perty. But  the  prefent  knowledge  of  the 
fubjeft  feems  to  furnifh  no  other  anfwer, 
except,  that  they  are  endowed  with  the 
power  of  giving  the  fhock  for  the  fake  of 
fecuring  their  prey,  by  which  they  muft 
fubfift,  and  perhaps  of  repelling  larger  ani- 
mals, which  might  otherwife  annoy  them. 

The  ancients  confidered  the  fhocks  given 
by  the  torpedo  as  capable  of  curing  various 
diforders ; and  a modern  philofopher  will 
hardly  hefitate*to  believe  their  aflertions, 
after  that  Eledricity  has  been  found  to  be 
a remedy  for  many  difeafes. 
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